
5 BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates to novel compounds having angiotensin II type 1 
(ATi) receptor antagonist activity and neprilysin-inhibition activity. The invention also 
relates to pharmaceutical compositions comprising such compounds, processes and 

10 intermediates for preparing such compounds and methods of using such compounds to treat 
diseases such as hypertension. 

STATE OF THE ART 
The aim of antihypertensive therapy is to lower blood pressure and prevent 

hypertension-related complications such as myocardial infarction, stroke, and renal disease. 
15 For patients with uncomplicated hypertension (that is, no risk factors, target organ damage, 

or cardiovascular disease), it is hoped that reducing blood pressure will prevent 
development of cardiovascular and renal comorbidities, conditions that exist at the same 
time as the primary condition in the same patient. For those patients with existing risk 
factors or comorbidities, the therapeutic target is the slowing of comorbid disease 

20 progression and reduced mortality. 
Physicians generally prescribe pharmacological therapies for patients whose blood 

pressure cannot be adequately controlled by dietary and/or lifestyle modifications. 

Commonly used therapeutic classes act to promote diuresis, adrenergic inhibition, or 
vasodilation. A combination of drugs is often prescribed, depending upon what 

25 comorbidities are present. 
There are five common drug classes used to treat hypertension: diuretics, which 

include thiazide and thiazide-like diuretics such as hydrochlorothiazide, loop diuretics such 
as furosemide, and potassium-sparing diuretics such as triamterene; f}[ adrenergic receptor 
blockers such as metoprolol succinate and carvedilol; calcium channel blockers such as 

30 amlodipine; angiotensin-converting enzyme (ACE) inhibitors such as captopril, benazepril, 
enaiapril, enalaprilat, lisinopril, quinapril, and ramiprii; and AT} receptor antagonists, also 
known as angiotensin II type I receptor blockers (ARBs), such as candesartan cilexetil, 
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eprosartan, irbesartan, iosartan, oimesanan medoxomil, telmisartan, and valsartan. 
Combinations of these drugs are also administered, for example, a calcium channel blocker 
(amlodipine) and an ACE inhibitor (benazepril), or a diuretic (hydrochlorothiazide) and an 

ACE inhibitor (enalapril). All of these drugs, when used appropriately, are effective in the 
5 treatment of hypertension. Nevertheless, both efficacy and tolerability should be further 

improved in new drugs targeting hypertension. Despite the availability of many treatment 
options, the recent National Health And Nutrition Examination Survey (NHANES) 
demonstrated that only about 50% of all treated patients with hypertension achieve 
adequate blood pressure control. Furthermore, poor patient compliance due to tolerabiiity 

10 issues with available treatments further reduces treatment success. 
In addition, each of the major classes of antihypertensive agents have some 

drawbacks. Diuretics can adversely affect lipid and glucose metabolism, and are 
associated with other side effects, including orthostatic hypotension, hypokalemia, and 
hyperuricemia. Beta blockers can cause fatigue, insomnia, and impotence; and some beta 

15 blockers can also cause reduced cardiac output and bradycardia, which may be undesirable 
in some patient groups. Calcium channel blockers are widely used but it is debatable as to 
how effectively these drugs reduce fatal and nonfatal cardiac events relative to other drug 
classes. ACE inhibitors can cause coughing, and rarer side effects include rash, 
angioedema, hyperkalemia, and functional renal failure. ATj receptor antagonists are 

20 equally effective as ACE inhibitors but without the high prevalence of cough. 
Neprilysiii (neutral endopeptidase, EC 3.4.24.11) (NEP), is an endothelial 

membrane bound Zn2+rnetallopeptidase found in many tissues, including the brain, kidney, 
lungs, gastrointestinal tract, heart, and peripheral vasculature. NEP is responsible for the 
degradation and inactivation of a number of vasoactive peptides, such as circulating 

25 bradykinin and angiotensin peptides, as well as the natriuretic peptides, the latter of which 
have several effects including vasodilation and diuresis. Thus, NEP plays an important 
role in blood pressure homeostasis. NEP inhibitors have been studied as potential 
therapeutics, and include thiorphan, candoxatril, and candoxatrilat. In addition, 
compounds have also been designed that inhibit both NEP and ACE, and include 

30 omapatrilat, gempatrilat, and sampatrilat. Referred to as vasopeptidase inhibitors, this 
class of compounds are described in Rob I el al. (1999) Exp. Opin. Ther. Patents 9(12): 
1665-1677. 

There may be an opportunity to increase anti-hypertensive efficacy when 



combining ATj receptor antagonism and NEP inhibition, as evidenced by ATi receptor 
antagonist/NEP inhibitor combinations described in WO 9213564 to Darrow et al 
(Schering Corporation); US20030144215 to Ksander et al.; Pu et al., Abstract presented at 
the Canadian Cardiovascular Congress (October 2004); and Gardiner et al. (2006) JPET 

5 319:340-348; and WO 2007/045663 (Novartis AG) to Glasspool et al. 
Recently, WO 2007/056546 (Novartis AG) to Feng et al. has described complexes 

of an AT i receptor antagonist and a NEP inhibitor, where an AT ] receptor antagonist 
compound is non-covalently bound to a NEP inhibitor compound, or where the antagonist 
compound is linked to the inhibitor compound by a cation. 

10 In spite of the advances in the art, there remains a need for a highly efficacious 
monotherapy with multiple mechanisms of action leading to levels of blood pressure 
control that can currently only be achieved with combination therapy. Thus, although 
various hypertensive agents are known, and administered in various combinations, it would 
be highly desirable to provide compounds having both ATi receptor antagonist activity and 

15 NEP inhibition activity in the same molecule. Compounds possessing both of these 
activities are expected to be particularly useful as therapeutic agents since they would 
exhibit antihypertensive activity through two independent modes of action while having 
single molecule pharmacokinetics. 

20 variety of other diseases that can be treated by antagonizing the ATj receptor and/or 
inhibiting the NEP enzyme. 

The present disclosure provides novel compounds that have been found to possess 
ATi receptor antagonist activity and neprilysin (NEP) enzyme inhibition activity. 

25 Accordingly, compounds of the present disclosure are expected to be useful and 
advantageous as therapeutic agents for treating conditions such as hypertension and heart 
failure. 

In addition, such dual-acting compounds are also expected to have utility to treat a 

SUMMARY 

One embodiment of the present disclosure is directed to a compound of formula I: 

30 wherein: r is 0, 1 or 2; 
Ar is selected from: 
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5 R5^ \=/ 

R! is seiected from -COORla, -NHS02Rlb5 -S03NHRld, -SC^OH, 
5 -C(0)NH-S02RLc, -P(0)(0H)2, -CN, -0-CH(Rle)-C00H, tetrazol-5-yl, 

.0 

•H N-0 

' I 
o-4 

NH 

^3 

H 0 arid 0 ; 

RJa is H, -Ci-^alkyl, -Chalky lenearyl, -Ci-jalkyleneheteroaryi, -C3-7cycloalkyi, 
-CH(C Maiky 1)0C(0)R' M, -Co-salkylenemorpholine, 

V o 

10 Ria* is -O-Ci-^aikyL, -0-C3.7cycloalkyi5 -NRiabRiac, or ^H(^)CHICOOCH3; Rlab and 
Rlac are independently selected from K, ~C>^aLkyl, and benzyl, or are taken together as 
-(CHi)^; R,b is Ric or -NHC(0)Rlc; Rlc is -C^aLkyl, -Co-*alkylene-0-R,c\ -Ci-saikylenc-
NRlcbRlcc, -Co^aikyienearyl or -Co^alkyleneheteroaryl; Rlca is H, -Ci^atkyL, or -Cj. 
*alkylene-O-Cj-ealkyI; Rlcb and RScc are independently selected from. H and -Cj^alkyl, or 

15 are taken together as -(CH2>.-0-(CH2>2- or <CH2)2-N[C(0)CH3]-(CH2)2-; Rld is H, Ric, -



C(0)R'\ or -C(0)NHRic; Rte is ~CMaikyl or aryi; 
Y is -C(R3h Z is -N-, Q is -C(R2)- and Wis a bond; Y is -N-, Z is -C(R3)-, Q is 

-C(R2)- and W is a bond; Y is -C(Rl)-, Z is -N-, Q is -N- and W is a bond; Y is -C(R3)-, Z 
is -CH-, Q is -N- and W is a bond; or Y is -C(R3)-, Z is -CH-, Q is -C(R2)- and W is 

5 -C(O)-; 
R2 is seiected from H, halo> -N025 -Ci-^alkyl. -C2^alkenyl, -Cs-gcycloalkyf, -CN, 

-C(0)R2a, -Co-salkylene-OR2b, -C0.5alkyiene-NR2cR2d, -Cooalkylenearyl, and 
-Co^aikyleneheteroaryl; where R2a is seiected from H, -Ci^alkyl, -Q^cycioalkyL -OR2b 

and -NR2tR2d; R2b is selected from H, -Cj.$alkyl, -Cs-ecycioalkyi, and -Co-jaikylenearyl; 
10 and R2C and R2d are independently selected from H, -Ci-jalkyi, and -Co-ialkylenearyi; 

R3 is seiected from -Q-ioalkyl, -C2-ioalkenyl, -Cj-ioalkynyi, -Co^alkylene-
C:>.?cycioalkyl, -Cioalkenylene-Q^cycloalkyl, -C2-3alkynylene-C3-7cycioalkyi, 
-Co-5aikvlene-NR38-Co-5alkylene-R3b, -Co-5aIkylene--0~Co-5alkylene~R3b, -Co-saikyiene-
S-Ci-jaikylene-R36, and -Co^alkylenearyl; where R3a is seiected from H, -Cj-^alkyl, 

15 -C3-7cycloaikyI, and -Co-3alkyienearvL; and R3b is selected from H, -Chalky!, 
-C>-7cycioaIky{, -Cs^alkenyi, -C2^a(kynyi, and aryi; 

X is -Ci-n&lkylene-, where at least one -CH2- moiety in the alkylene is replaced 
with a -NR43-C(0}~ or -C(0}-NR4a~ moiety, where R4a is seiected from H, -OH, and 
-Ci^alkyl; 

20 R5 is selected from -Co-^alkyiene-SR53, -Co^alkyiene-C(0)NR5bR5c, 
-Co-3alkylene-NR5b-C(0)R5d, -NH-Co-iaikyiene-PCOXOR5^, -C0-3alkylene-P(O)OR5eR5r, 
-Co-2a!kylene-CHR5g-COOH, -C0-3alkylene-C(O)NR5il-CHR5l-COOH, and -Cc.3aikyiene-S-
SR5j; R5a is H or ~C(0)-R5aa; R5aa is -C^alkyl, Xo^lkyiene-C^cycioalkyl, 
-Co-salkylenearyl, -Co^aikvleneheteroaryl, -Co-salkylenemorpholine, 

25 -Co-6aikylenepiperazine-CH3, -CH[N(R3ab)2] -aa where aa is an amino acid side chain. -2-
pyrroHdine, -Co^alkylene-OR5ab> -O-Co^alkyienearyl, -C1.2alky lene-0C(0)-C i-^aiky i, -Cj. 

2alky[ene-OC(O)-C0-6alkylenearyl, or -0-Ci.2aikylene-0C(0)0-Cj.$alkyi; R5ab is 
independently H or -Ci^alkyi; R5fc is H, -OH, -0C(O)R5ba, -CH2COOH, -O-benzyi, 
-pyridyl, or -OC(S)NR5bbR5bc; RSba is H, -C^alkyl, aryi, -OCHz-aryl, -CH20~aryl, or 

30 -NRSbbR5bc; R5bb and R5bc are independentiy seiected from H and -Chalky!; R5c is H, 
-Chalky I, or -C(0)-R5ca; RSca is H, -Chalky I, -C^cycloalkyL, aryi, or heteroaryl; RSd is H, 
-CMaikyl, -Cooalkylenearyi, -NRSdaRSdb, -CH2SH, or -O-C^alkyl; R5daand RSdb are 
independently selected from H and -Ci_4aikyi; R* is H, -C, -$alkyl, -Chalky ieneaiyl, 
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-Ci-3alkyleneheteroaryl, -C3-7cycloalkyl, -CH(CH3)-0~C(0)R 5ea 

, or 

R5ea is -O-Ci^aikyl, -0~C3.7cycloalkyl, -NR5ebR5ec, or -CH(NH2)CH2COOCH3; R5eb and 

R5ec are independently selected from H, -Ci^alkyl, and -Chalky]enearyl, or are taken 

together as -(CH2)3-6-; R5f is H, -Chalky!, -Co-jalkylenearyl, -Ci^alkylene-NR5faR.5fb, or 

-Ci.3alkylene(aryl)-C0-3alkylene-NR5faR5fb; R5fa and R5fh are independently selected from H 

and -C^alkyl; R5g is H, -Q^alkyl, -C^alkylenearyl, or -CH2~0-(CH2)2-0-CH3; R5fe is H 

or -Ci-4alkyl; R5' is H, -C^alkyl, or -Co-salkylenearyl; and R3J is -Chalky!, aryi, or 

-CH2CH(NH2)C00H; 

R6 is selected from -Cj.6alkyl, -CH20(CH2)2-0-CH3, -Ci^ alkyl ene-O ~Ci^alkyl, 

-Co-3alkylenearyl, -Co-3alkyleneheteroaryl, and -Co-3alkylene-C3-7cycloalkyl; and 
7 6 R is H or is taken together with. R to form -Cs.gcycloalkyl; 

wherein: each -CH2- group in -(CH2)r- is optionally substituted with 1 or 2 

substituents independently selected from -Cj.4alkyl and fluoro; each ring in Ar and each 

aryi and heteroaryl in R1"3 and R""6 is optionally substituted with 1 to 3 substituents 

independently selected from -OH, -Cj.galkyl, -C2^alkenyl, -C2-4alkynyl, -CN, halo, -0-

C?_6alkyl, -S-C^alkyl, -S(0)-C]-6alkyl, -S(0)2-Ci-4alkyl, -phenyl, -N02, -NH2, -NH-

CMaikyl and -N(Ci^alkyl)2, wherein each alkyl, alkenyl and alkynyl is optionally 

substituted with 1 to 5 fluoro atoms; each carbon atom in X is optionally substituted with 

one or more R4b groups and one -CH2- moiety in X may be replaced with a group selected 

from -C4-scycloalkylene-, ~CR4d=CH-, and -CH=CR4d-; wherein R4b is selected from 

-Co-5alkylene-COOR4c, -C^alkyl, -Co-ialkylene-CONH2, -C^alkylene-OH, 

-Co-3alkylene-C3-7cycloalkyl, lH-indol-3-yl, benzyl, and hydroxybenzyl, where R4c is H or 

-Ci-4alkyl; and R4d is selected from -CH2-thiophene and phenyl; each alkyl and each aryi in 

R!~3. R4a"4d, and R5"6 is optionally substituted with 1 to 7 fluoro atoms; and 

pharmaceutical^ acceptable salts thereof. 
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In a first aspect, there is provided a compound of formula I: 

5 wherein: 

r is 1; 

Ar is selected from: 

R" 
Y^Q 

A X „ w x—f-R° 
Ar-fGHA V (I) 

, and 

R' 

0 R1 is selected from -COORla, -NHSO,R'\ -S02NHRld, -S020H, -C(0)NH-

S02R1C, -P(0)(0H)2, -CN, -O-CHfR.1 °)-COOH, tetrazol-5-yl, 
O 

N-0 
'/ N 

^ /J NH 
0 and 0 

Rid is E, -Chalky!, -Ci^alkylenearyl, ~C ] alkyl en eheteroaryl, -C3.7cycloal.kyl, 

-CH(Ci-4alkyj.)0C(0)Rlaa, -Co-salkylenemorpholine, 

15 
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Rlaa is -O-C^alkyl, -0-C3.7cycloalkyl, -NRlabRiac, or -CH(NH2)CH2COOCH3; Rlab and 

RUc are independently selected from H, -Ci^alkyl, and benzyl, or are taken together as 

~(CH2)3-6~; Rlb is Ric or -NHC(0)Rlc; Rlc is -C^alkyl, -C0-6alkylene-O-Rlca, -CMalky]ene 

5 NR1CDR1CC, -Co-4alkylenearyl or -Co^alkyleneheteroaryl; Rlca is H, -Chalky!, or -C]_ 

6alkylene~0-Ci_6alkyl; Rlcb and Rlcc are independently selected from H and ~Cj.6alkyl, or 

are taken together as -(CH2)2-0-(CH2)2- or -(CH2)2-N[C(0)CH3MCH2)2-; Rid is H, Rlc, 

-C(0)Rlc, or ~C(0)NHRic; Rle is -CMalkyl or aryi; 

Y is -C(R3)-, Z is -N-, Q is -C(R2)- and W is a bond; Y is -N-, Z is -C(R3)-, Q is 

10 -C(R2)- and W is a bond; or Y is -C(R3)-, Z is -CH-, Q is -N- and W is a bond; 

R2 is selected from H, halo, -N02, -C^alkyl, -C2.6alkenyl, -Cs^cycloalkyl, -CN, 

-C(0)R2d, -Co-5alkylene-OR2b, -Co-5alkylene-NR2cR2d, -Co-salkylenearyl, and -Co^alkylene 

heteroaryl; where R2a is selected from H, -C3_6alkyl, -C3_6cycloaIkyl, -GR2b and -NR2cR2d; 

R2b is selected from H, -Ci_6alkyl, -Cs^cycloalkyl, and -C-o-i alkyl enearyl; and R2c and R2d 

15 are independently selected, from H, -Cj^alkyl, and -Co-i alkylenearyl; 

RJ is selected from -CMOalkyl, ~C2.10alkenyl, -C3_ioalkynyl, -C0-3alkylene-

C3_7cycloalkyl, -C2-3alkenylene-C3.7cycloalkyl, -C2-3alkynylene-C3-7cycloalkyl, 

~Co-5alkylene-NR3a~Co.5alkylene-R3b, -Co_5alkylene-0-Co-5alkylene-R3b, -Co-salkylene-

S-Ci„5alkylene-R3b5 and -Co-aalkylenearyl; where R3a is selected from H, -C3.6alkyl, 

20 ~C3.7cycloalkyl, and -C0-3alkylenearyl; and R3b is selected from H, -C^alkyl, 

-C3.7cycloalkyl, -C2^alkenyl, -C2-4alkynyl, and aryi; 

X is -Ci.i2alkylene-, where at least one -CH2- moiety in the alkylene is replaced 

with a -NR4a-C(0)- or -C(0)-NR4a- moiety, where R4a is selected from H, -OH, and 

-C]-4aikyl; 

25 R5 is selected from ~C0-3alkylene~SR5a, -C0-3alkylene-C(O)NR5bR5c, 

-Co^alkyIene-NR5b-C(0)R5ci, ~NH-C(Malkylene~P(0)(0R5e)2, -C0-3alkylene-P(O)OR5eR5f, 

-Co-2alkylene-CHR5g-COOH, -C0.3alkylene-C(Q)NR5h-CHR5!-COOH, and ~C0.3alkylene-S 

SR5J; R5a is H or -C(0)-R5aa; R5aa is -C^alkyl, -C0-6alkylene-C3_7cycloalkyl, 
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-Co^alkylenearyl, -C0-6alkyleneheteroaryl, -Co^alkylenemorpholme, 

-C0^aJkylenepiperazine-CH3, 'CH(NH2)-CH(CH3)2, -2-pyrrolidine, -C0-6alkylene-OR5ab, 

-0-Co-6alkylenearyl, ~Ci-2alkylene-OC(Q)-Ci_6alkyl, -Cu2alkylene-OC(G)-Co_6alkylenearyl, 

or -0-CI.2alkylene-0C(0)0-C1„6alkyl; R5ab is H or -Ci-6alkyl; R5b is H, -OH, -0C(0)R5b#, 

5 -CH2COOH, -O-benzyl, -pyridyl, or -OC(S)NR3bbR5bc; R5ba is H, -Ci.6alkyl, aryi, 

-OCH2~aryl, -C^O-aryi, or -NR5DbR5bt'; R5bb and R5bc are independently selected from H 

and -C:_4alkyl; R3C is H, -Ci_6alltyl, or -QOj-R^; R3oa is H, -Chalky!, ~C3.7cycloalkyl, 

aryi, or heteroaryl; RSd is H, -Chalky!, -Q^alkylenearyl. -NR5daR5d\ -CHjSR, or 

-O-Cj-galkyl; R5da and R5db are independently selected from H and -C]_4alkyl; R5e is H, 

10 -Ci-galkyl, -Ci.3alkylenearyl, -Ci^alkyleneheteroaryL -C3.7cycloaIkyl, -CH(CH3}-0-

C(0)R5ea, 

, or 

R5ea is -0-Ci.6alkyl, -0-C3.7cycloalkyl, -NR5ebR5ec, or-CH(NH2)CH2COOCH3; R5eb and 

R5ec are independently selected from H, -C^alkyl, and -C^alkylenearyl, or are taken 

15 together as -(CH2)3.6-; R5f is H, -Cj^alkyl, -Co^alkylenearyl, -Ci_3alkylene-NR5faR5fb, or 

-C1 _3 alkyl ene(aryl) -C0-3 alkyl en e-NR5faR5ib; R5faand R51b are independently selected from H 

and -Ci^alkyl; R3g is H, -C]_6alkyl, -Cj.3aIkyJenearyl, or "CH2-0~(CH2)2-0-CH3; R5h is H 

or -Ci^alkyl; R3! is H, -C]-4alkyl, or -Co-3alkylenearyl; and R3J is -Cj^alkyl, aryi, or 

-CH2CH(NH2)COQH; 

20 R6 is selected from -Cj^alkyl, -CH20(CH2)2~0-CH3, -Cj.6alkylene-0~Cu6alkyl, 

-Co-3alkylenearyl, -Co^alkyleneheteroaryl, and -Co^alkylene-Cs^cycloalkyl: and 
^ 6 R' is H or is taken together with R to form -C3.gcycloalkyl; 

wherein: 

each -CH2- group in -(CH2)r- is optionally substituted with 1 or 2 substituents 

25 independently selected from -Ci.4alkyl and fluoro; 

each ring in Ar and each aryi and heteroaryl in R1"3 and R5"6 is optionally substituted 

with 1 to 3 substituents independently selected from -OH, -Ci^alkyl, -C2_4alkenyl, 

-C2.4alkynyk -CN, halo, -0-C].6alkyl, -S-Cs_6alkyl, -S(0)-Ci^alkyl, ~S(G)2~C;.4alkyl, 

-phenyl, -N02, -NH2, -NB-Cj^alkyl and -N(Ci_6alkyl}2, wherein each alkyl, alkenyl and 

30 alkynyl is optionally substituted with 1 to 5 fluoro atoms; 

6c 



each carbon atom in X is optionally substituted with one or more R4fc groups and one 

-CH2- moiety in X may be replaced with a group selected from -C4-8cycloaIkylene~, 

-CR4ds=CH-, and -CH=CR4d-; wherein R4b is selected from -Co.5alkylene-CO0R4c, -Cj.6alkyl, 

~C0~ ialkylene-CONHo, -C^alkylene-OH, -Co-aalkylene-C^cycloalkyl, lH-indol-3-vL benzyl, 

and hydroxybenzyl, where R4c is H or -CMalkyl; and R4d is selected from -CH2-2-thiophene 
and phenyl; 

each alkyl and each aryi in R1"3, R4a"4d, and R5"6 is optionally substituted with 1 to 7 
fluoro atoms; 

wherein each aryi in R1, R2, R3, R5, and R6 contains 6 to 10 carbon ring atoms; and 

each heteroaryl in R], R2, R5, and R6 contains 2 to 9 carbon ring atoms and 1 to 3 heteroatoms 
selected from nitrogen, oxygen, and sulfur: 

and pharmaceutical^ acceptable salts thereof. 

Another aspect of the present disclosure relates to pharmaceutical compositions 

comprising a pharmaceutical^ acceptable carrier and a compound according to the first 

aspect. Such compositions may optionally contain other therapeutic agents such as 

diuretics, pi adrenergic receptor blockers, calcium channel blockers, angiotensin-

converting enzyme 
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inhibitors, AT] receptor antagonists, neprilysin inhibitors, non-steroidal anti-inflammatory 
agents, prostaglandins, anti-lipid agents, anti-diabetic agents, anti-thrombotic agents, renin 
inhibitors, endothelin receptor antagonists, endothelin converting enzyme inhibitors, 
aldosterone antagonists, angiotensin-converting enzyme/neprilysin inhibitors, vasopressin 

5 receptor antagonists, and combinations thereof. Accordingly, in yet another embodiment 
of the present disclosure, a pharmaceutical composition comprises a compound of the 
present disclosure, a second therapeutic agent, and a pharmaceutically acceptable carrier. 
Another embodiment of the present disclosure pertains to a combination of active agents, 
comprising a compound of the present disclosure and a second therapeutic agent. The 

10 compound of the present disclosure can be formulated together or separately from the 
additional agent(s). When formulated separately, a pharmaceutically acceptable carrier 
may be included with the additional agent(s). Thus, yet another embodiment of the present 
disclosure relates to a combination of pharmaceutical compositions, the combination 
comprising: a first pharmaceutical composition comprising a compound of the present 

15 disclosure and a first pharmaceutically acceptable carrier; and a second pharmaceutical 
composition comprising a second therapeutic agent and a second pharmaceutically 
acceptable carrier. The present disclosure also relates to a kit containing such 
pharmaceutical compositions, for example where the first and second pharmaceutical 
compositions are separate pharmaceutical compositions. 

20 Compounds of the present disclosure possess both ATi receptor antagonist activity 
and NEP enzyme inhibition activity, and are therefore expected to be useful as therapeutic 
agents for treating patients suffering from a disease or disorder that is treated by 
antagonizing the ATi receptor and/or inhibiting the NEP enzyme. Thus, one embodiment 
of the present disclosure is directed to a method of treating patients suffering from a 

25 disease or disorder that is treated by antagonizing the ATi receptor and/or inhibiting the 
NEP enzyme, comprising administering to a patient a therapeutically effective amount of a 
compound of the present disclosure. Another embodiment of the present disclosure is 
directed to a method of treating hypertension or heart failure, comprising administering to a 
patient a therapeutically effective amount of a compound of the present disclosure. Still 

30 another embodiment of the present disclosure pertains to a method for antagonizing an AT] 
receptor in a mammal comprising administering to the mammal, an ATi receptor-
antagonizing amount of a compound of the present disclosure. Yet another embodiment of 
the present disclosure pertains to a method for inhibiting a NEP enzyme in a mammal 
comprising administering to the mammal, a NEP enzyme-inhibiting amount of a compound 

35 of the present disclosure. 
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Compounds of formula I and pharmaceutically acceptable salts thereof, that are of 
particular interest include those that exhibit an inhibitory constant (pKj) for binding to an 
ATi receptor greater than or equal to about 5.0; in particular those having a pK; greater 
than or equal to about 6.0; in one embodiment those having a pKj greater than or equal to 

5 about 7.0; more particularly those having a pKj greater than or equal to about 8.0; and in 
yet another embodiment, those having a pKj within the range of about 8.0-10.0. 
Compounds of particular interest also include those having a NEP enzyme inhibitory 
concentration (pICso) greater than or equal to about 5.0; in one embodiment those having a 
pICso greater than or equal to about 6.0; in particular those having a pIC.50 greater than or 

10 equal to about 7.0; and most particularly those having a pICso within the range of about 
7.0-10.0. Compounds of further interest include those having apK; for binding to an ATi 
receptor greater than or equal to about 7.5 and having a NEP enzyme pICso greater than or 
equal to about 7.0. 

Since compounds of the present disclosure possess AT 3 receptor antagonist activity 
15 and NEP inhibition activity, such compounds are also useful as research tools. 

Accordingly, one embodiment of the present disclosure pertains to a method of using a 
compound of the present disclosure as a research tool, the method comprising conducting a 
biological assay using a compound of the present disclosure. Compounds of the present 
disclosure can also be used to evaluate new chemical compounds. Thus another 

20 embodiment of the present disclosure relates to a method of evaluating a test compound in 
a biological assay, comprising: (a) conducting a biological assay with a test compound to 
provide a first assay value; (b) conducting the biological assay with a compound of the 
present disclosure to provide a second assay value; wherein step (a) is conducted either 
before, after or concurrently with step (b); and (c) comparing the first assay value from step 

25 (a) with the second assay value from step (b). Exemplary biological assays include an AT) 
receptor binding assay and a NEP enzyme inhibition assay. Still another embodiment of 
the present disclosure is directed to a method of studying a biological system or sample 
comprising an ATj receptor, a NEP enzyme, or both, the method comprising: (a) 
contacting the biological system or sample with a compound of the present disclosure; and 

30 (b) determining the effects caused by the compound on the biological system or sample. 
The present disclosure is also directed to processes and intermediates useful for 

preparing compounds of the present disclosure. Accordingly, another embodiment of the 
present disclosure relates to a process of preparing compounds of the present disclosure 
comprising the step of coupling a compound of formula 1 with a compound of formula 2: 
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wL R5" € 
Y Q I .R 

A /A -1- B\ 
(CH2)r W X(CH2)8 (CH2)b 

Ar' <1) (2) 

where: A is -NH2 and B is -COOH or A is -COOH and B is ~NH2; the sum of a and b is in 
the range of 0 to 11; Ar* represents AT~R.3\ where R1* is R1 or a protected form of R1; and 
R5* represents R5 or a protected form of R^; the carbon atoms in the -(CH2)a and -(CH2)b 
groups may be substituted with one or more R4h groups; and one -CH2- group in the 
-(CH2)E1 or the ~(CH2)b group may be replaced with -C^gcycloalkylene-, -CR4dCH~, or 
-CH-CR40-; and optionally deprotecting the product when R1* is a protected form of R1 

and/or R5" is a protected form of R5. 

in another aspect, there is provided a process for preparing the compound according to the 
first aspect, comprising: 

(a) coupling a compound of formula 1 with a compound of formula 2: 

Y^Q TV 
/A -r °\ 

(CH2f W (CH2)a (CH2)b 

Ar* <1) (2) 

to produce a compound having the formula: 

Y^Q 

N. 
/ W 

(CH2)/ 

Ar* 

where: A is -NH2 and B is -COOH or A is -COOH and B is -NH2; the sum of a and b is in 
1 the range of 0 to 11; r is 1; Ar* represents Ar-R where R1* is R' or a protected form of 

R1; and R5" represents R5 or a protected form ofR5; the carbon atoms in the -(CEWa and -

(CH2)b groups may be substituted with one or more R4D groups; and one -CH2- group in the 

-(CH2)a or the -(CH2)b group maybe replaced with -C^cycloalkylene-. -CR4d=CH-, or 

-CH=CR4ds and 

(b) when R1 * is a protected form of R1 and/or R5* is a protected form of R5. 

deprotecting the product of step (a) to produce a compound of formula 1. 
In another aspect, there is provided a compound prepared by the process as defined above. 
In another aspect, there is provided an intermediate useful in the synthesis of the compound 

according to the first aspect, selected from 



the group comprising: 

R5 1 if R5* J, II R .Ns /k / H, Ji /K v-N.. . 
W X—f-~-p6 / W X—f^-D6 * -f| W X— Ar4 (CH2)r 17 R Ar—(CH2)5 HT* Ar*—(CH2)r U R 

R R , and R 

wherein: r is 1; Ar* is Ar-R1*; Rl* is selected from -CfOP-P2, -S020-Ps, -S02NB~P6, 

-P(0)(0-P7)2, -OCH(CH3)-C(0)0-P2, -0CH(aryj.)-C(O)O-P2, and tetrazol-5-yl-P4; R5* is 

selected from -Co^alkylene-S-P'"", -Co-3^1<ylene-C(0)NH(0-P5)., -C0-3alkylene~N(O~P5}-

CfO)R5d, -Co.salkylene-NHCCOJCH.S-P3, ^NH-C0^alkyleiie-P(O)(O-P7)2i -Q^alkyLene-

P(0)(0-P7)~R5e, -C0.2alicyierie~CHR3f-C(0)0-P2 and -Co^alicylene-C(0)NR5E-CHR5^ 

C(0)0-P2; P2 is a carboxy-protecting group selected from methyl, ethyl, /-butyl, benzyl,p-
methoxybenzyl, 9-fluorenylmethyl, trimethylsilyl, f-butyldimethylsilyl, and diphenylmethyl; PJ 

is a-C(0)CH3; P4 is a tetrazole-protecting group selected from trityl and diphenylmethyl; P5 is a 

hydroxyl-protecting group selected from C|.6alkyl, trimethylsilyl, triethylsilyl, tert-

butyldimethylsilyl, formyl, acetyl, pivaloyl. benzoyl, benzyl, /^-methoxybenzyi, 9-

fLuorenyknethyl, and diphenylmethyl; P6 is a sulfonamide-protecting group selected, from t-
butyl, formyl, acetyl, phenylacetyl, butyryi, isobutyryl, valeryl, isovaleryl, pivaloyl, benzoyl, 
and 4-acetoxybenzoyl; and P7 is a phosphate-protecting group selected from C 1.4alkyl, phenyl, 

chlorophenyl, and methylphenyl; and salts thereof. 

Another embodiment of the present disclosure relates to a process of preparing a 
pharmaceutically acceptable salt of a compound of formula I, comprising contacting a 
compound of formula I in free acid or base form with a pharmaceutically acceptable base 
or acid. In other embodiments, the present disclosure is directed to products prepared by 
any of the processes described herein, as well as novel intermediates used in such process. 
In one embodiment of the present disclosure novel intermediates have formula VIII, IX or 
X. 

Another aspect of the present disclosure is directed to the compound according to the first 

aspect for use as a medicament. 

Yet another aspect of the present disclosure is directed to the use of a 
compound according to the first aspect or a pharmaceutically acceptable salt thereof, for 
the manufacture of a medicament, especially for the manufacture of a medicament useful 
for treating hypertension or heart failure. Other aspects of the present disclosure are 
directed to use of a compound according to the first aspect for the manufacture of a 
medicament for antagonizing an AT} receptor or for inhibiting a NEP enzyme in a 
mammal. Still another embodiment of the present disclosure pertains to the use of a 
compound of the present disclosure as a research tool. Other embodiments of the present. 
disclosure are disclosed herein. 

9a 



DETAILED DESCRIPTION OF THE INVENTION 
The invention is directed to compounds of formula I: 

Y^Q 
^N. 

Ar—(CH2)r 

R6 

"X—(—R6 

(I) 
and pharmaceutical^ acceptable salts thereof. 

As used herein, the term "compound of the invention" is intended to include 
compounds of formula I as well as the species embodied in formulas II-VI. In addition, the 
compounds of the invention may also contain several basic or acidic groups (for example, 
amino or carboxyl groups) and therefore, such compounds can exist as a free base, free 

9b 



acid, or in various salt forms. AU such salt forms are included within the scope of the 

invention. Furthermore, solvates of compounds of formula I or salts thereof are included 

within the scope of the invention. Finally, the compounds of the invention may also exist 

as prodrugs. Accordingly, those skilled in the art will recognize that reference to a 

5 compound herein, for example, reference to a "compound of the invention" includes 

reference to a compound of formula I as well as to pharmaceutically acceptable salts, 

solvates and prodrugs of that compound unless otherwise indicated. Further, the term "or a 

pharmaceutically acceptable salt, solvate and/or prodrug thereof is intended to include all 

permutations of salts and solvates, such as a solvate of a pharmaceutically acceptable salt. 

10 The compounds of formula I may contain one or more chiral centers and so may 

exist in a number of stereoisomers forms. When such chiral centers are present, the 

invention is directed to racemic mixtures, pure stereoisomers (enantiomers or 

diastereomers), stereoisomer-enriched mixtures, and the like unless otherwise indicated. 

When a chemical structure is depicted without any stereochemistry, it is understood that all 

15 possible stereoisomers are encompassed by such structure. Thus, for example, the term 

"compound of formula I" is intended to include all possible stereoisomers of the 

compound. Similarly, when a particular stereoisomer is shown or named herein, it will be 

understood by those skilled in the art that minor amounts of other stereoisomers may be 

present in the compositions of the invention unless otherwise indicated, provided that the 

20 utility of the composition as a whole is not eliminated by the presence of such other 

isomers. Individual enantiomers may be obtained by numerous methods that are well 

known in the art, including chiral chromatography using a suitable chiral stationary phase 

or support, or by chemically converting them into diastereomers, separating the 

diastereomers by conventional means such as chromatography or recrystallization, then 

25 regenerating the original enantiomers. Additionally, where applicable, all cis-trans or E/Z 

isomers (geometric isomers), tautomeric forms and topoisomeric forms of the compounds 

of the invention are included within the scope of the invention unless otherwise specified. 

Compounds of formula I may contain one or more chiral centers. One possible 

chiral center could be present in the "X" portion of the compound. For example, a chiral 

30 center exists at a carbon atom in the alkylene moiety in X that is substituted with an R4b 

group such as -C^alkyl, for example -CH3. This chiral center is present at the carbon 

atom indicated by the symbol * in the following partial formula: 

-10-



Y^Q 
i II H 

Another possible chiral center could be present at the carbon on the -X-CR3R6R7 group, 

when R6 is a group such as -Chalky I, for example -CH2CH(CH3}2, and R7 is hydrogen. 

This chiral center is present at the carbon atom indicated by the symbol ** in the following 

5 formula: 

In one embodiment of the invention., the carbon atom identified by the symbol * and/or ** 

has the (R) configuration. In this embodiment, compounds of formula I have the (R) 
configuration at the carbon atom identified by the symbol * and/or ** or are enriched in a 

10 stereoisomer^ form having the (R) configuration at this carbon atom (or atoms). In 

another embodiment, the carbon atom identified by the symbol * and/or ** has the (S) 
configuration. In this embodiment, compounds of formula I have the (S) configuration at 

the carbon atom identified by the symbol * and/or ** or are enriched in a stereoisomer^ 

form having the (S) configuration at this carbon atom. It is understood that a compound 

15 may have a chiral center at both the * and the ** carbon atoms. In such cases, four 

possible diastereomers can exist. In some cases, in order to optimize the therapeutic 

activity of the compounds of the invention, for example, as hypertensive agents, it may be 

desirable that the carbon atom identified by the symbol * and/or ** have a particular (R) or 

(S) configuration. 

20 The compounds of the invention, as well as those compounds used in their 

synthesis, may also include isotopically-labeled compounds, that is, where one or more 

atoms have been enriched with atoms having an atomic mass different from the atomic 

mass predominately found in nature. Examples of isotopes that may be incorporated into 

. the compounds of formula I, for example, include, but are not limited to, 2H, 3H, 13C, NC, 

The compounds of formula I have been found to possess ATt receptor antagonizing 

activity and NEP enzyme inhibition activity. Among other properties, such compounds are 

expected to be useful as therapeutic agents for treating diseases such as hypertension. By 

25 ,5' 1N, l80, "0,35S, 36C1, and lsF. 



combining dual activity into a single compound, double therapy can be achieved, that is, 

ATi receptor antagonist activity and NEP enzyme inhibition activity can be obtained using 

a single active component. Since pharmaceutical compositions containing one active 

component are typically easier to formulate than compositions containing two active 

5 components, such single-component compositions provide a significant advantage over 

compositions containing two active components. In addition, certain compounds of the 

invention have also been found to be selective for inhibition of the ATi receptor over the 

angiotensin II type 2 (AT2) receptor, a property that may have therapeutic advantages. 

10 in the Examples herein. This nomenclature has been derived using the commercially 

available AutoNom software (MDL, San Leandro, California). 

REPRESENTATIVE EMBODIMENTS 

The following substituents and values are intended to provide representative 

examples of various aspects and embodiments of the invention. These representative 

15 values are intended to further define and illustrate such aspects and embodiments and are 

not intended to exclude other embodiments or to limit the scope of the invention. In this 

regard, the representation that a particular value or substituent is preferred is not intended 

in any way to exclude other values or substituents from the invention unless specifically 

indicated. 

20 The invention is directed to compounds of formula I: 

The nomenclature used herein to name the compounds of the invention is illustrated 

Y Q 

In one embodiment, Y represents -C(R3)-, Z is -N-, Q is C(R2)- and W is a bond. 

This embodiment of formula I can be represented by formula II: 

25 In another embodiment, Y represents -C(R3)-, Z is -N-, Q is -N- and W is a bond. This 

embodiment of formula I can be represented by III: 
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R\ 
N 
I! ~5 

•R6 
Ar—(CH2)r \ 7 

R (III) 

In yet another embodiment, Y represents -C(R3)-, Z is -CH-, Q is -C(R2)- and W is -C(O)-. 

This embodiment of formula I can be represented by TV: 

Ar~(CH2)f 0 

5 In yet another embodiment, Y represents -N-, Z is -C(R3)-, Q is -C(R2)- and W is a bond. 

This embodiment of formula I can be represented by V: 

R (V) 

In another embodiment, Y represents -C(R3)-, Z is -CH-, Q is -N- and W is a bond. In this 

embodiment, formula I can be represented as the subgenus VI: 

R3 

—(—R 
,5 

6 

Ar—(CH2)r \ 7 
10 R (VI) 

In particular embodiments, Y represents -C(R )-, Z is -N-, Q is -C(R )- and W is a bond, or 

Y is -C(R3)-, Z is -N-, Q is -N- and W is a bond. 

The values for r are 0, 1 or 2. In one embodiment, r is 1. Each -CH2- group in the 

-(CH2)f- group may be substituted with 1 or 2 substituents independently selected from 

15 -Chalky! (for example, -CH3), and fluoro. In one particular embodiment, the -(CH2)r 

group is unsubstituted; in another embodiment, one or two -CH2- groups in -(CH2)r- are 

substituted with a-Ci^alkyl group. 

Ar represents an aryi group selected from: 

-13-



0 o=s=o 

and 
R 

Each ring in the Ar moiety may be substituted with 1 to 3 substituents independently 

5 seiected from -OH, -C^alkyl, -C2^alkenyl, -C2^alkynyl, -CN, halo, -O-Ci^alkyl, 

-S-Ci^alkyl, -S(0)-Ci^alkyl, -S(G)2-CMalkyl, -phenyl, -N02, -NH2, -NH-Ci^alkyl and 

-N(Ci^alkyl)2. Furthermore, each of the aforementioned alkyl, alkenyl and alkynyl groups 

are optionally substituted with 1 to 5 fluoro atoms. 

10 to 2 substituents independently selected from -OH, -CMalkyl (for example, -CH3), halo 

(for example bromo, fluoro, chloro, and di-fluoro), -O-Ci^alkyl (for example, -OCH3), and 

-phenyl. Exemplary substituted Ar moieties include: 

Of particular interest is where Ar is substituted with 1 or 2 halo atoms, particularly fluoro 

In one particular embodiment, each ring in the Ar moiety may be substituted with 1 

15 atoms. 

It is understood that: 

14 



represents: K , K and 

In one particular embodiment, Ar is selected from: 

and 

In another particular embodiment, Ar is: 

5 ^ , particularly 

R1 is selected from -COOR1*, -NHS02Rlb, -S02NHRld, -S020H, -C(0)NH-

S02RIC, -P(0)(0H)2, -CN, -0-CH(Rle)-C00H, tetrazol-5-yl, 

-H 
N-0 
'/ 

N-

o—f 
.0 

0 
NH 

The Rla moiety is H, -Chalky I, -Cioalkylenearyl, -Ci^alkyleneheteroaryl, -C3-7cycioalkyl, 

10 -CH(C i^alkyl)0C(0)Rlaa, -Co-6alkylenemorphoiine, 

CH3 

0 0 V o 

Rlaa is -O-C^alkyl, -0-C3-7cycioalkyl, -NRlabRlac, or -CH(NH2)CH2COOCH3. R,ab and 

Rlac are independently selected from H, -Ci^alkyl, and benzyl, or are taken together as 

-(CH2)3^~. 

15 The Rlb moiety is Rlc or -NHC(0)R,c. The Rlc group is -C^alkyi, -Co^aikylene-

0-R,ca, -Ci-5alkylene-NRicbRlcc, or -Co^alkyienearyl. The Rlca moiety is H, -Chalky!, or 
-15-



-Ci^alkylene-O-Ci^alkyl. The Rlcb and Rlcc groups are independently selected from H and 

-Cugalkyl, or are taken together as -(CH2)2-0-(CH2)2- or -(CH2)2-N[C(0)CH3]-(CH2)2--

The Rid moiety is H, Rtc, -C(0)Rlc, or -C(0)NHRlc. The Rlc group is CMatkyl or aryi. 

Each alkyl and each aryi in R1 is optionally substituted with I to 7 fluoro atoms, in 

5 addition, the term "alkyl" is intended to include divalent alkylene groups such as those 

present in -Ci-3alkylenearyl and -Cioalkyleneheteroaryl, for example. Further, each aryi 

and heteroaryl group that might be present in R!, may be substituted with i to 3 -OH, 

-Chalky I, -C2-4alkenyl, -C2^alkynyl, -CN, halo, -O-Ct-ealkyI, -S-Ci^alkyl, -S(O)-

C^alkyl, -S(0)2-CMaIkyi, -phenyl, -N02, -NH2, -NH-C^alkyl, or -N(C^alkyl)2 groups. 

10 Further, each of the aforementioned alkyl, alkenyl and alkynyl groups may be substituted 

with I to 5 fluoro atoms. It is understood that when referring to "each alkyl," "each aryi" 

and "each heteroaryl" group in R1, the terms also include any alkyl, aiyl and heteroaryl 

groups that might be present in the R,a through Rie moieties. 

In one embodiment, R1 is -COORla and Rla is H. In another embodiment, R* is 

15 -COORU and RIa is -Cj^lkyl, examples of which include -CH3, -CH2CH3, -(CH2>2CH3, 

-(CH2)2-CF39 -CH2CH(CH3)2,-CH(CH3)2,-CH(CH3)-CF3, -CH(CH2F)2, -C(CH3)3, 

-(CH2)3CH3, and -(CH2)2-CF2CF3. Thus, examples of R1 include -C(0)0CH3, 

-COOCH2CH3, and so forth. 

In one embodiment, R1 is -COORia and Rla is -Ci-3alkylenearyl, for example, a 

20 benzyl group, which may be substituted such as chlorobenzyl, fluorobenzyl, 

difluorobenzyl, -benzyl-CHj, -benzyl-CF3, and-benzyl-0-CF3. Thus, examples of R1 

include: -C(0)0CH2-benzyI, 

0 S ?\ F 
>^o^Y^Ya'ForCH:> 

^ , ^NS«CH, ^ 

In one embodiment, R1 is -COOR13 and Rla is -Ci-3alky 1 eneheteroary 1, examples of 

25 which include -CH2-pvridinyl. In one embodiment, R1 is -COORla and Ria is 

-C3.7cycloalkyl, examples of which include cyclopentyl. 

In yet another embodiment R1 is -COORia and Rla is -CH(C]^alky 1)0C(0)R1 aa, 

where R,aa is >0-C,.6alkyl, -0-C3.7cycloalkyl, -NRlabRlac, or -CH(NH2)CH2COOCH3. Rlab 

and Rlac are independently selected from H, -C^alkyl, and benzyl, or are taken together as 

30 -(CH2)3-6-. Examples of -O-Ci^alkyl groups include -O-CH2CH3 and -0-CH(CH3)2. 

Exemplary -0-C3.7Cydoalkyl groups include -O-cyclohexyl. Thus, examples of R1 include 
-16-



-C(0)0CH(CH3)0C(0)-0-CH2CH3, -C(0)0CH(CH3)0C(0)-0-CH(CH3)2J and 

-C(0)0CH(CH3)0C(0)-0-cycl0hexyl. 

In one embodiment, R! is -COOR,a and Rla is -Co-6alkylenemorpholine, examples 

of which include -(CH2)2-morpholine and -(CH2)3-morpholine. In another embodiment, 

5 Rla is 

V ° W or 

In one embodiment, R1 is -NHS02Rlb and Rlb is Rlc The Ru group is -C^alkyl, 

-Co-6alkylene-0-Rlca, -C|-5alkylene-NRlcbRlcc, -Co^alkylenearyl or -Co^alkyleneheteroaryl. 

The R^ca moiety is H, -C^aikyl, or -Ci.6alkylene-0-Ci^alkyl. The RVcb and Rlcc groups 

10 are independently selected from H and -Chalky!, or are taken together as -(CH2)2-0-

(CH2)2- or -(CH2)3-N[C(0)CH3KCH2)2-. one embodiment, Rlc is -Chalky!, such that 

exemplary Rl groups include -NHSO2-CH3 and the fluoro-substituted group, -NHSQ2-CF3. 

In another embodiment, Rlc is -Co^alkylenearyI, such that exemplary R1 groups include 

-NHSC>2-phenyl. In another embodiment, Rlc is -Co^alkyleneheteroaryl, such that 

15 exemplary R1 groups include -NHSO2- 4,5-dimethylisoxazoi-3-yl. 

In another embodiment, Rl is -NHS02Rlb and Rlb is -NHC(0)R|C, where Ric is 

defined above. In a particular embodiment, R1 is -NHS(>2Rlb, Rlb is -NHC(0)Rlc, and Rlc 

is -C|.6alkyl or -Co-4aikylenearyI. 

In one embodiment, Rl is -SC>2NHRld and Rid is H. In another embodiment, Rl is 

20 -S02NHRld and Rld is Rlc, where Rlc is defined above. In a particular embodiment, Rlc is 

-Ci^alkyl or -Co^alkylenearyl. When Rlc is -Ci^alkyl, exemplary R1 groups include the 

fluoro-substituted groups -SO2NH-CF3, -SO2NH-CHF2, -SO2NH-CF2CH2F and 
-SO2NH-CF2CF2CF3. 

In another embodiment, Rs is -S02NHR1<s and Rid is -C(0)Rlc, where Ric is defined 

25 above. In one embodiment of particular interest, Rlc is -Ci^aikyl or -Co^alkylenearyl. 

When Rtc is -Chalky!, exemplary Rl groups include -S02NHC(0)CH3 and -S02NHC(0)-

(CH2)2CH3. When Rlc is -Co^alkylene-0-Rlca and RIca is H, exemplary R1 groups include 

-S02NHC(0)CH20H, -SO2NHC(O)CH(CH3)0H, and -S02NHC(0)C(CH3)20H. When 

Rlc is -Co^alkylene-0-Rica and RIca is -C^alkyl, exemplary R1 groups include 

30 -S02NHC(0)CH2-0-CH3, -S02NHC(0)-0-CH3, and -S02NHC(0)-0-CH2CH3. When Rlc 
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is -C0~6aikylene-O-Rica and Rica is -Cj .galky lene-O-Ct_6alkyI, exemplary R groups include 

- S02NHC(0)CH2-0-(CH2)2-0-CH3. When Rlc is -C,.5alkylene-NRlcbRlcc, exemplary Kl 

groups include -S02NHC(0)CH2N(CH3)2,-S02NHC(0)-CH2-NH2, and -S02NHC(0)-

CH(CH3)-NH2. Another example when Rlc is -C,.5aikylene-NRlcbRlc<: is where the Rlcb 

and Rlcc are taken together as -(CH2)2-0-(CH2)2- or -(CH2)2~N[C(0)CH3]-(CH2)2-. Such 

exemplary Rl groups include: 
O o O , , o O , v 

-4-S^ M 0 —h$^ 
* U N \ / * U N 

OH and 0 H ^ 

In another embodiment, R1 is -S02NHRld and Rld is -C(0)NHRlc, where Ric is 

defined above. In a particular embodiment, Rlc is -Cj.$alkyl or -Co^alkylenearyl. When 

10 Rlc is -C^alkyl, exemplary R1 groups include -S02NHC(0)NH-CH2CH3 and 

-S02NHC(0)NH-(CH2)2CH3. When Rlc is -Co^alkylenearyl, exemplary R1 groups include 

-S02NHC(0)NH-phenyl. 

In another embodiment, R1 is -S020H, and in still another embodiment, Rl is 

-P(0)(0H)2. In yet another embodiment, R1 is -CN. 

15 In another embodiment, R1 is -C(0)NH-S02R'\ where Ric is defined above. In a 

particular embodiment, R!c is -ChalkyI or -Co^alkylenearyl. When Ric is -Cj^alkyl, 

exemplary R1 groups include -C(0)-NH-S02-CH3, -C(0)-NH-S02-CH2CH3 and the fluoro-

substituted -C(0)-NH-S02-CF3 group. 

In another embodiment, R1 is -0-CH(Rie)-C00H, where Ru is -Chalky! or aryi. 

20 Examples of such R1 groups include, -0-CH(CH3)-COOH and -0-CH(phenyl)~C00H. 

In an embodiment of particular interest, R! is tetrazol-5-yl. In another embodiment, 

'} is: 

.0 

-K -KH 
N—/?—NH 
H O or o 

R2 is selected from H, halo, -N02, -Cmjalkyl, -C^alkenyl, -C^cycloalkyl, -CN, 

25 -C(0)R2a, -C0.saIkylene-OR2b, ~C0.5alkylene-NR2cR2d, -C0.3alkylenearyl, and 

-Co.3alkyleneheteroaryl. In one particular embodiment, Rz is selected from H, 

-Co-5alkyiene-OR2b, and halo; and in another embodiment, R2 is selected from H and halo. 

In one embodiment R2 is halo such as chloro or fluoro. In another embodiment R2 is 
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-Chalky! such as -CH3 and -CH2CH3. In yet another embodiment R2 is -Co^alkyienearyl, 

such as phenyl. In one embodiment, R2 is -C(0)R2a. The R2a substituent can be H, 

-Ci^alkyl, -C3.6cycioalkyl, -OR2b or -NR2cR2d. R2b is selected from H, -Cj^alkyl, -C3. 

ecycloalkyl, and -Co-ialkylenearyl. The R2c and R2d groups are independently selected 

5 from H, -Ci^alkyl, and -Co-ialkylenearyl. In another particular embodiment, R2 is 

-Co-salkylene-OR , more particularly -Co-3alkylene-OR . In exemplary embodiments, and 

R2b is H or -C,.6aikyl, for example R2 can be -CH2OH, -C(CH3)2OH or -OCH3. 

Each alkyl and each aryi in R2 is optionally substituted with I to 7 fluoro atoms. It 

is understood that when referring to the "alky!" in R2, the term includes any alkyl groups 

10 that might be present in the R2a, R2b, R2c and R2d moieties. In addition, the aryi and 

heteroaryl in R2, for example in -Co-3alkylenearyl or -Co-3alkyleneheteroaryl, may be 

substituted with. I to 3 -OK, -C^alkyl, -C2^alkenyl, -C2-4alkynyl, -CN, halo, -O-Ci-^alkyl, 

-S-Ci.6alkyl, -S(0)-Ci^alkyl, -S(0)2-CMalkyl, -phenyl, -N02J -NH2, -NH-C{.6alkyl, or 

-N(C|^alkyl)2 groups. Further, each of the aforementioned alkyl, alkenyl and alkynyl 

15 groups may be substituted with I to 5 fluoro atoms. It is understood that when referring to 

the "aryi" or "heteroaryl" in R2, the term includes any aryi and heteroaiyl groups that might 

be present in the R2a, R2b, R2c and R2d moieties. 

R3 is selected from -Q.ioalkyl, -C2-ioalkenyl, -C3.ioalkynyl, -Co-3alkylene-

C3.7cycloalkyI, -C2-3alkenylene-C3.7cycloalkyl, -C2-3alkynyiene-C3-7cycloaIkyl, 

20 -Co-5aIkylene-NR3a-Co-salkylene-R3b, -Co-salkylene-O-Co-salkylene-R315, -Co-saikylene-

S-Ci-5alkylene-R3b, and -Co-3alkylenearyl. The R3a group is H, -C^alkyl, ~C3-7cycloalkyl, 

or -Co-3alkylenearyl (for example, -Co-ialkylenearyl such as phenyl and benzyl). The RSb 

group is H, -Chalky 1, -C^cycloalkyl, -C2-4alkenyl, -C2-4alkynyl, or aryi (such as phenyl). 

In addition, each alkyl and each aryi in R3 is optionally substituted with 1 to 7 

25 fluoro atoms, where the term "alkyl" is intended to include divalent alkylene groups such 

as those present in -Co-3alkylene-C3.7cycloalkyl and -Co^alkylenearyl, for example. Each 

aryi in R3, for example in -Co^alkylenearyl or aryi, may be substituted with 1 to 3 -OH, 

-Chalky!, -C^alkenyl, -C2-4alkynyI, -CN, halo, -O-C^alkyL, -S-C^lkyl, 

-S(0)-Ci.6alkyl, -S(0)2-CMalkyl, -phenyl, -N02, -NH2J -NH-C,^alkyl, or -N(C^a!kyl)2 

30 groups. Further, each of the aforementioned alkyl, alkenyl and alkynyl groups may be 

substituted with i to 5 fluoro atoms. It is understood that when referring to "each alkyl" 

and "each aryi" group in R3, the terms also include any alkyl and aryi groups that might be 

present in the R3a and R3b moieties. 
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In one embodiment, R3 is -Ci.joaikyl optionally substituted with 1 to 7 fluoro atoms 

such as -CF3. In another embodiment, R3 is -C2-7alkyl; and in yet another embodiment, R3 

is -Cs^alkyl, examples of which include, -CH2CH3, -(CH2)2CH3, and -(CH2)3CH3. 

In another embodiment, R2 is -C2.ioalkenyl such as -CH2CH=CHCH3. In yet 

5 another embodiment, R3 is 'C3.lf)alkynyl such as -CH2C=CCH3. 

In another embodiment, R3 is -Co-3alkylene-C3-7cycloalkyl such as -cyciopropyi, 

-CH2-cyclopropyl, cyclopentyl, -CH2-cyclopentyl, -(CH^-cyclopentyl, and 

-CHi-cyclohexyl. In a particular embodiment, R3 is -Co-ialkylene-C3-5cycloalkyl. In one 

embodiment, R3 is "C2-3alkenyiene-C3.?cycloalkyl such as -CH2CH=CH-cyc\opentyi; and 

10 in another embodiment, R3 is ~C2-3alkynylene-C3.7cycIoalkyl such as -CH^OC-

cyclopentyl. 

In yet another embodiment, R3 is -Co.salkylene-NR3a-Co-5alkylene-R3b. In one 

particular embodiment, R3a is H and R3b is -Chalky!. Examples of such R3 groups include 

-NHCH2CH3, -NHCH(CH3)2, -NH(CH2)ICH3, -NH(CH2)3CH3, -NHCH(CH3)CH2CH3, 

15 -NH(CH2)4CH3, and -NH(CH2)5CH3. 

In one embodiment, R3 is -Co-5alkylene-0-Co^aIkyiene-R3b. In one particular 

embodiment, R3b is selected from H, -Ci^alkyl and aryi. Examples of such R3 groups 

include -OCH3, -OCH2CH3, -OCH(CH3)2, -0(CH2)2CH3, -0(CH2)3CH3, -OCH2CH(CH3)2, 

-O-phenyl, and -O-benzyL In another embodiment, R3 is -Co-saIkyiene-0-Co-5aikylene-R3b, 

20 where R3b is -Cj^alkyl, and in another embodiment, R3 is -O-Cj-salkyl. 

In another embodiment, R3 is -Co-salkylene-S-Ci.5alkylene-R3b, and in one 

particular embodiment R3b is H, such as when R3 is -CH2-S-CH2CH3. In another 

embodiment, R3 is -Co-3alkylenearyi, such as phenyl, benzyl, and -(CH2)2-phenyL 

In one particular embodiment of interest, R3 is -Ci-ioalkyl or 

25 -Co-5alkylene-0-Co-5alkylene-R3b, where R3b is H; and in a specific embodiment, R3 is 

selected from -C2-5alkyl and -Cialkylene-O-Ci.salkylene-H. 

X is -Ci-i2alky\ene-, where at least one -CH2- moiety in the alkylene is replaced 

with a -NR4a-C(0)- or -C(0)-NR4a- moiety. Thus X can be -Cj alkylene-, -Cialkylene-, 

-C2aikylene-, -C3alkylene-, -C4alkylene-, -Csalkylene-, -Cgalkylene-, -Cyalkylene-, 

30 -Csalkylene, -C9alkylene-, -Cioalkylene-, -Cnalkylene-, and -C^alkylene-, with at least one 

-CH2- moiety being replaced. R4a is selected from H, -OH, and -Ci^alkyl. In one 

embodiment, R4a is H. 

Each carbon atom in the -Cj.^alkylene- group may be substituted with one or more 
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R4b groups. R4b is seiected from -Co-5aikylene-COGR4c, -Q^alkyl, -Co-ialkyiene-CONH2, 

-C[.2alkylene-OH5 -Co^alkylerie-C^cycloalkyl, lH-indol-3-yl, benzyl, and hydroxybenzyi, 

where R4c is H or -Ci-«alkyi. In one embodiment, the carbon atoms in -Cu^aikylene- are 

unsubstituted with R4fa groups. In another embodiment, 1 or 2 carbon atoms are substituted 

5 with one or two R4b groups, in another embodiment, one carbon atom is substituted with 

one R4b group. In one particular embodiment, R4b is -COOH, benzyl, or -ChalkyI, 

including -Ci^alkyl groups such as -CH3 and -CH(CH3)2. 

In addition, one -CH2- moiety in X may be replaced with a group selected from 

-Cj-gcycloalkylene-, -CR4d=CH-, and -CH=CR4d-. R4d its selected from -CH2-thiophene and 

10 phenyl. In one embodiment, none of the -CH2- moieties are so replaced. In another 

embodiment, one -CH2- moiety is replaced with -C^cycloalkylene-, for example, 

cyclohexylene. In another embodiment, one -CH2- moiety is replaced with -CH=CR4d-, 

where R4d is -Cfy-thiophene such as -CH2-thiophen-2-yl. 

Each alkyl and each aryi in R4a, R4b, R4c, and R4d, may be substituted with 1 to 7 

15 fluoro atoms, and the term "alkyl" is intended to include divalent alkylene groups such as 

that present in -C^alkyiene-COOR40, for example. It is noted that the R4b group, 

-Co-3alkyIene-C3-7cycloaIkyl, is intended to include a Cj-vcycloalkyl linked to the X 

-C|.i2aikylene~ chain by a bond as well as a C3.7cycloalkyi that is directly attached to the 
chain, as illustrated below: 

20 and^^". 

In one embodiment, one to four -CH2- moieties are replaced. In another 

embodiment, one -CH2- moiety is replaced, examples of which include: -C(0)NH- and 

-CH2-NHC(0)-. In one embodiment, X is -C2.ualkylene- and 1, 2, or 3 -CH2- moieties are 

replaced with a -NR4a-C(0)- or -C(0)-NR4a- moiety. In another embodiment, X is -C2-

25 5alkyiene-, where 1 or 2 -CH2- moieties are replaced. When more than one -CH2- moiety 

in Ci-i2alkylene is replaced with a -NR4a-C(0)- or -C(0)-NR4a- moiety, the replaced 

moieties may be contiguous or non-contiguous. Exemplary X groups include the 

following, which depict, examples where one or more -CH2- moieties are replaced with 

-NR4a~C(0)- or -C(0)-NR4a- moieties, examples where -CH2- moieties are replaced with a 

30 group selected from -C^gcycloalkylene-, -CR4d=CH-, and -CH=CR4d-, as well as examples 

where carbon atoms in the -Cj^alkylene- group are substituted with one or more R4b 

groups: 
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Qalkylene with one -CH2- moiety replaced: 

-C(0)NH-

-NHC(O)-

C2alkylene with one -CH2- moiety replaced: 

-CH2-NHC(0)-

-C(0)NH-CH2-

-CHrC(0)NH-

-CH[CH(CH3)2}-C(0)NH-

C2alkylene with two -CH2- moieties replaced: 

-C(0)NH-NHC(0)-

-CH=C(-CH2-2-thiophene)-C(0)NH-

C3alkylene with one -CH2- moiety replaced: 

-(CH2)2-NHC(0)-

-CH(CH3)-CH2-NHC(0)-

-CH[CH(CH3)2]-CH2-NHC(0)-

-CH(C00H>CH2-NHC(0)-

-CH?-CH(C00H)-NHC(0 )-

C3alkylene with two -CH2- moieties replaced: 

-NHC(0}-CH2-NHC(0)-

C4alkyiene with one -CH2- moiety replaced: 

-(CH2)3-NHC(G}-

-C(0)NH-CH2-CH(C00H)-CH2-

C4alkylene with two ~CH2~ moieties replaced: 

-C(0)NH-CH(benzyl)-CH2-NHC(0}-

-C(0)NH-CH(benzyl)-CH2-C(0)NH-

-CH2-NHC(0)-CH2-NHC(0)-

C4alkylene with three -CH2- moieties replaced: 

-CH2-NHC(0)-cyciohexylene-NHC(0)-

-CH2~N(OH)C(0)-cyclohexylene-NHC(0)-

Csalkylene with two -CH2- moieties replaced: 

-CH2-NHC(0)-CH2-CH(C00H)-NHC(0)-

-CH2-NHC(0)-(CH2)2-NHC(0)-

-C(0)NH-(CH2)2-C(0)N(0H)-CH2-
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-C(0)NH-(CH2)2-CH(C00H)-NHC(0)-

-CH(C00H)-CH2-NHC(0)-CH2-NHC(0)-

-(CH2)2-NHC(0)-cyclohexyiene-NHC(0)-

Cealkylene with two -CH2- moieties replaced: 

-C(0)NH-(CH2)4-NHC(0)-

-CH2-NHC(0)-(CH2)2-CH(C00H)-NHC(0)-

-C(0)NH-(CH2)3-CH(C00H)-NHC(0)-

Cgalkylene with three -CH2- moieties replaced: 

-C(0)NH-(CH2)2-NHC(0)-CH2-NHC(0)-

Cgalkylene with four -CH2- moieties replaced: 

-C(0)NH-(CH2)2-NHC(0)-cyclohexylene-NHC(0)-

C7alkylene with two -CH2- moieties replaced: 

-CH2-NHC(0)-(CH2)4-NHC(0)-

-C(0)NH-(CH2)4-CH(C00H)-NHC(0)-

C7alkylene with three -CH2- moieties replaced: 

-CH[CH(CH3)2}-C(0)NH-(CH2)2-NHC(0)-CH2-NHC(0)-

C7alkylene with four -CH2- moieties replaced: 

-CH2-NHC(0)-(CH2)2-NHC(0)-cyclohexylene-NHC(0)-

-CH2-C(0)NH-(CH2)2-NHC(0)-cyclohexyiene-NHC(0)-

Csalkylene with three -CH2- moieties replaced: 

-C(0)NH-(CH2)4-NHC(0)-CH2-NHC(0)-

Csalkylene with four -CH2- moieties replaced: 

-C(0)NH-(CH2)4-NHC(0)-cyclohexylene-NHC(0)-

Cgaikylene with two -CH2- moieties replaced: 

-CH2-NHC(0)-(CH2)6-NHC(0)-

Cgalkylene with four -CH2- moieties replaced: 

-CH2-NHC(0)-(CH2)4-NHC(0)-cyclohexylene-NHC(0)-

Cioalkylene with four -CH2- moieties replaced: 

-C(0)NH-(CH2)6-NHC(0)-cyclohexylene-NHC(0)-

Cnalkylene with three -CH2- moieties replaced: 

-CH(CH(CH3)2)-C(0)NH-(CH2)6-NHC(0)-CH2-NHC(0)-

Cnalkylene with four -CH2- moieties replaced: 

-CH2-NHC(0)-(CH2)6-NHC(0)-cyclohexylene-NHC(0)-
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In one particular embodiment, X is -C(0)NH- or -CH2-NHC(0)-. 

is selected from -Co-3a!kyIene-SR5\ -Co-3alkylene-C(0)NR5bR5c} 

-C0-3aIkylene-NR5b-C(O)R5d,-NH-C0.ialkyiene-P(O)(OR3e)2, -Co-3alkylene-P(0)OR5cR5f, 

-C0-2alkyiene-CHR5g-COOH, -C0-3alkyiene-C(O)NR5h-CHR5i-COOH, and -Cooalkylene-S-

5 SR5'. Each alkyl and each aryi in R3 is optionally substituted with 1 to 7 fluoro atoms, 

where the term "alkyl" is intended to include divalent alkylene groups such as those present 

in -Co-3alkylene-SR5a and -Co-3alkylene-P(0)OR:>eR5f, for example. Each ary! and 

heteroaryl in R3 may be substituted with I to 3 -OH, -ChalkyI, -C2-4aikenyl, -C2^alkynyl, 

-CN, halo, -0-C).6alkyi, -S-C^alkyl, -S(0)-Cj.6alkyl, -S(0)2-Ci^alkyl, -phenyl, -N02, 

10 -NH2, -NH-C^alkyl, or -N(Ci-6alkyl)2 groups. Further, each of the aforementioned alkyl, 

alkenyl and alkynyl groups may be substituted with 1 to 5 fluoro atoms. It is understood 

that when referring to "each alkyl," "each aryi" and "each heteroaryl" group in R\ the 

terms also include any alkyl, aryi and heteroaryl groups that might be present in the R2aoJ, 

R5aa, R5ab, R5ba, R5bb, R5bc, R5ca, R5da, R5ib, R5t\ R5cb, R5cc, R5fa, and R5fb moieties. 

15 In one embodiment, R5 is-Co-saikylene-SR52. RSa is H or-C(0)-RSaa. The R5aa 

group is -Ci^alkyl, -Co-ealkylene-C^^cycloalkyl, -Co^alkylenearyl, -Co-^alkyleneheteroaryl. 

-Co-6alkylenemorpholine, -Co^alkylenepiperazine-CH3, -CH[N(R5ab)2]-aa where aa is an 

amino acid side chain, -2-pyrrolidine, ~Co-6alkylene-OR5ab, -O-Co-ealkylenearyl, -C|. 

2alkylene-0C(0)-Ci^alkyl, -Ci-2alkylene-OC(0)-Co^alkylenearyl, or -0-C|.2alkylene-

20 OC(0)0-Ci^alkyl. The R5ab group is H or -Ci^alkyl. In one specific embodiment, R5a is 

H, for example, R5 may be -SH or ~CH2SH. In another embodiment, RSa is -C(0)-R5aa, 

where RSaa is -Ci^alkyl. Exemplaiy -Q-ealkyI groups include -CH3, -CH2CH3, -CH(CH3)2, 

-C(CH3)3, and -CH2CH(CH3)2. Thus, examples of R5 include -SC(0)CH3, -CH2SC(0)CH3, 

-CH2SC(0)CH2CH3, -CH2SC(0)CH(CH3)2 and -CH2SC(0)C(CH3)3, and 

25 -CH2SC(0)CH2CH(CH3)2- In one embodiment, R3a is selected from H and 

-C(0)-C|.6alkyl. 

In one embodiment, R5a is -C(0)~R5aa, where R5aa is -Co-6alkylene -C3-7cycloaIkyl. 

Exemplary C3.7cycIoalky! groups include cyclopentyl and cyclohexyl. Thus, examples of 

R5 include -CH2SC(0)-cyclopentyl, -CH2SC(0)-cyclohexyl, and -CH2SC(0)-CH2-

30 cyclopentyl. In another embodiment, R5a is -C(0)~R5a\ where R5aa is -Co-6alkyleneaiyl. In 

one specific embodiment, the aryi is optionally substituted with 1 to 3 substituents such as 

-0-C|_6alkyl. Exemplary aryi groups include phenyl and -phenyl-OCHs. Thus, examples 

of R5 include -CH2SC(0)-phenyl and -CH2SC(0}-phenyl-0CH3. 
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In yet another embodiment, R5a is -C(0)-R5aa, where R5aa is -Co-ealkyleneheteroaryl. 

Exemplary heteroaryl groups include furanyl, thienyl and pyridinyl. Thus, examples of R3 

include: -CH2SC(0)-2-pyridine, -CH2SC(0)-3-pyridine, and -CH2SC(0)-4-pyridine. In 

another embodiment, R5a is -C(0)-R3aa, where R5aa is -Co^alkylenemorpholine: 

more particularly, -C\.jalkylenemorpholine. Thus, examples of R5 include 

-CH2S-C(0)CH2-morpholine and -CH2S-C(0)(CH2)2-morpholme. In another embodiment, 

R5a is -C(0)-R5a25 where R3aa is -Co-6alk:ylenepiperazme-CH3. Thus, examples of R5 

include -CH2S-C(0)(CH2)2-piperazine-CH3. In one embodiment, R5a is -C(0)-R5aa, where 

10 R5aa is -CH[N(R5ab)2]-aa where aa is an amino acid side chain. For example, the amino 

acid side chain could be -CH(CH3)2, the valine side chain. Thus, one example of R5 is 

-CH2S-C(0)CH(NH2)-CH(CH3)2. In yet another embodiment, R5a is -C(0)-R5aa, where 

R3aa is -2-pyrrolidine: 

15 Thus, an example of R5 is -CH2S-C(0)-2-pyrrolidine. 

In another embodiment, R5a is -C(0)-R5aa, where R5aa is -Co-6alkylene-OR5ab. In 

one embodiment, R5ab is H, such that R3a is -C(0)-Co-$alkylene-OH. In another 

embodiment, RSab is -Ci^alkyl, such that R5a is -C(0)-Co-6alkylene-0-Ci-6alkyi, for 

example, R5 may be -CH2SC(0)-0-CH2CH3. 

20 In another embodiment, R5a is -C(0)-R3aa, where RSaa is -O-Co^alkylenearyl. In yet 

another embodiment, R5a is -C(0)-R5aa, where R5aa is -C i .2alkylene-0C(0)-C i ^alkyl and in 

another embodiment, R5a is -C(0)-R5aa, where RSaa is -C i_2aiky iene-OC(O)-

Co-6alkylenearyl. In yet another embodiment, RSa is -C(0)-R5aa, where RSaa is -O-

C i -2alkylene-0C(0)0-C] .6alkyI, for example, R5 may be -CH2SC(0)0CH(CH3)-0C(0)0-

25 CH(CH3)2-

In one embodiment, R5 is -Co-3alkylene-C(0)NRSbR5c. The RSb moiety is H, -OH, 

-0C(0)R5ba, -CH2COOH, -O-benzyl, -pyridyl, or -OC(S)NR5bbR5bc. R5ba is H, -Chalky!, 

aryi, -OCH2-aryl (for example, -OCH2-phenyl), ~CH20-aryl (for example, -CHiO-phenyl), 

or -NR5bbR5bc. The R5bb and R5bc moieties are independently selected from H and 
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-Ci^alkyi. In one embodiment, R3b is -OH or -0C(0)RSba, where -R5faa is -Cj-galkyL R5c is 

H, -CMalkyl, or -C(0)-R5ca. R5cs is H, -Ci^alkyl, -Cj^cycloalkyl, aryi, or heteroaryl. In 

one particular embodiment, R>c is H. In another embodiment, Rsb is -OH and RSc is H, for 

example, Rs may be -C(0)NH(0H) or -CH2C(0)NH(0H). In another embodiment, RSb is 

5 -0C(0)R5ba, where -R3ba is ~Ci-6alkyl, and is H, for example, R5 may be 

-C(O)N[0C(0)CH3]H or -C(0)N[0C(0)C(CH3)3]H. In still another embodiment, both 

R3b and R3C are H, for example, R5 may be -C(0)NH2. In another embodiment, R5b is 

-CH2COOH and Rx is H, for example, R3 may be -C(0)N(CH2C00H)H. In yet another 

embodiment, R5b is -0C(0)Rsba, where -R5ba is -O-CHj-aryl or -CH2-0-aryl, for example, 

10 R3b may be -0C(0)0CH2-phenyl or -OC(0)CH2-0-phenyl, and RSc is H. Therefore, 

examples of R5 include -CH2-C(0)NH[OC(0)OCH2-phenyl] and -CH2-C(0)N[0C(0> 

CH2Q-phenyl]H. In another embodiment, R5b is -0C(S)NR5bbR5bc, where RSbb and Rsbc are 

both -CMalkyl, for example, R5b may be -0-C(S)N(CH3)2. In another embodiment, R5b is 

-OC(S)NR5bbR5bc and R5c is H, for example, R5 may be -CH2-C(0)N[0C(S)N(CH3)2]H. 

15 In one embodiment, R5 is -Co.3alkylene-NRSb-C(0)R5d, R5d is H, -CMalkyl, 

-C0.3alkylenearyl, -NR5daR5db, -CH2SH, or -O-C^alkyl. The R5daand R5db moieties are 

independently selected from H and -CMalkyl. In another embodiment, R5b is -OH and R5d 

is H, for example, R5 may be -CH2-N(0H)C(0)H. In another embodiment, R5b is -OH and 

R5d is -CMalkyl, for example, R5 may be -CH2-N(0H)C(0)CH3. In another embodiment, 

20 R5b is H and R5d is -CH2SH, for example, R5 may be -NHC(0)CH2SH or -CH2NHC(0)-

CH2SH. 

In yet another embodiment, R5 is -NH-C0-talkylene-P(O)(OR5e)2. The R5e moiety is 

H, -ChalkyI, -Ct-3alkylenearyl, -C1.3alkyleneheteroaryl, -C3.7cycloalkyl, -CH(CH3)-0-
C(0)R5ea, 

The R5ea group is -0-C1-6alkyi, -0-C3.7cycIoalkyl, -NR5ebR5cc, or -CH(NH2)CH2COOCH3. 

R5cb and R5ccare independently selected from H, -CMalkyl, and -Ci.3alkyienearyl (for 

example, benzyl). R5eb and R5ec may also be taken together to form -(CH2)3^-. In one 

embodiment, R5e is H, for example, R5 may be -NH-CH2-P(0)(0H)2. 

25 

30 In one embodiment, R5 is -Co-3alkylene-P(0)OR5eR5f. The R5f moiety is H, 
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-CMalkyl, -Co.3aikylenearyl, -Cioalkylene-NR^R5^, or -Ci.3alkylene(aryl)-Co-3aikylene-

NR5faR5ft). The R5fa and R51b groups are independently selected from H and -CMalkyl. in 

one embodiment, R5e is H, for example, R5 may be -Co-3alkylene-P(0)(GH)R5f. 

In one embodiment. R3 is -Co-2alkylene-CHR5s-COOH. The R5g moiety is H, 

5 -CMalkyl, -Cj^alkylenearyl, or -CH2-0-(CH2)2-0CH3. In one embodiment, RSg is 

-CH2-0-(CH2)2-0CH5, for example, R5 may be -CH2-C[CH2-0-(CH2)2-0CH3]H-C00H. 

In another embodiment, R3g is H, for example, R3 may be -CH2COOH. 

In one embodiment, R5 is -C<}-3alkylene-C(0)NR3h-CHR3,-C00H. The R5h moiety 

is H or -Ci^alkyl. The R5' moiety is H, -CMalkyl, or -Co-jalkylenearyl. In one 

10 embodiment, RSh is H and R5' is -Co-3alkylenearyl, and the aryi is optionally substituted 

with I to 3 substituents such as -OH, for example, R3 may be -C(0)NH-CH(CH2-phenyl-

OH)(COOH). 

In another embodiment, R5 is -Co^alkylene-S-SR^, and R5^ is selected from 

-Q^alkyl, aryi, and -CH2CH(NH2)COOH. Examples of such Rs groups include 

15 -Co-3alkylene-S-S-CH3, -Co-3alkylene-S-S-phenyl, and -Co-3alkylene-S-S-CH2CH(NH2)-

COOH. 

R6 is selected from -CMalkyl, -CH20(CH2)20CH3, -C1 .^alkylene-O-C 1 -6alkyI, 

-Co-3alkylenearyl, -Co-3alkyleneheteroaryl, and -Co-3alkylene-C3-7cycloalkyl. In one 

particular embodiment, R6 is selected from -Ci^alkyl, -Co-ialkylenearyl, and 

20 -Co-3alkylene-C3-7cycloalkyl. Each alkyl and each aryi in R6 is optionally substituted with 

I to 7 fluoro atoms, where the term "alkyl" is intended to include divalent alkylene groups 

such as those present in -Ci^alkylene-O-C^alkyl and -Cooalkylene-C^cycloalkyl, for 

example. In addition, each aryi and heteroaryl in R6 may be substituted with I to 3 -OH, 

-Ci-galkyl, -C2-4alkenyl, -Ci^alkynyl, -CN, halo, -O-Ci^alkyl, -S-C\.6alkyl, -S(O)-

25 CMalkyl, -S(0)2-CMalkyl, -phenyl, -NO2, -NH2, -NH-Ct^alkyl, or -N(Ci^alkyl)2 groups. 

Further, each of the aforementioned alkyl, alkenyl and alkynyl groups may be substituted 

with I to 5 fluoro atoms. 

In one embodiment, R6 is -Chalky], for example, -CH3, -CH2CH3, -CH(CH3)2, 

-(CH2)2CH3, -(CH2)3CH3, -CH(CH3)CH2CH3, -CH2CH(CH3)2s -CH2C(CH3)3, 

30 -(CH2)2CH(CH3)2, or -(CH2)4CH3. As noted above, each alkyl in R6 is optionally 

substituted with I to 7 fluoro atoms. Examples of such fluoro-substituted R6 groups 

include -(CH2)2CF3 and -(CH2)3CF3. 

In another embodiment, R6 is -CH20(CH2)20CH3. In still another one 
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embodiment, R6 is -Cj-6alkylene-0-C[-6aikyl, for example, -OCH3 and -CH2OCH3. 

In one embodiment, R6 is -Cooalkylenearyl, for example, phenyl, benzyl, 

-CH2-biphenyl, -(CH2)2-phenyl and -CH2-naphthalen-l-yl. The aryi may be substituted 

with 1 to 3 substituents. Thus, other examples of R6 include mono-substituted groups such 

5 as, methylbenzyl, chlorobenzyl, fluorobenzyl, fluorophenyl, bromobenzyl, iodobenzyl, 

-benzyl-CFs, 2-trifluoromethyl-benzyl, -benzyl-CN, and -benzyl-N02; and di-substituted 

groups such as di-chlorobenzyl and di-fluoro benzyl. Each aryi may also be substituted 

with 1 to 7 fluoro atoms. Thus, other examples of R6 include penta-fluorobenzyl. 

In one embodiment, R6 is -Cooalkyleneheteroaryl, for example, -CH2-pyridyl, 

10 -CH2-furanyl, -CH2-thienyl, and -CH2-thiophenyl. In another embodiment, R6 is 

-Co-3alkylene-C3-7cycloalkyl, for example, -CH2-cyclopropyi, cyclopentyl, -CH2-

cyclopentyl, -cyclohexyl, and -CH2-cyciohexyl. 

R7 is H or is taken together with R6 to form -C^gcycloalkyl. In one embodiment, R7 

is H. In another embodiment, R7 is taken together with R6 to form -C3.8cycloalkyl, for 

15 example cyclopentyl. 

One particular embodiment of the invention provides for an active compound of 

formula I where Ar**-COOH represents Ar-R1 and R5 is -Co-3alkylene-SH. One 

corresponding prodrug (prodrug A) can contain a thioester linkage, which can be cleaved 

in vivo to form the -COOH (Rl) and -Cooalkylene-SH (R3) moieties. Another 

20 corresponding prodrug (prodrug B, where Z is -Chalkylene, optionally substituted with 

one or more moieties such as hydroxyl, phenyl, carboxyl, and so forth), contains both an 

ester and a thioester group, which can be similarly cleaved in vivo, but which also releases 

a physiologically acceptable acid such as a-hydroxy acid (Z is -CH2-), p-hydroxy acid (Z is 

»(CH2)2-), fi?j-2-hydroxypropionic or lactic acid (Z is -CH(CH3)-), (R)-hydroxyphenyl 

25 acetic or mandelic acid (Z is -CH(phenyl)-), salicylic acid (Z is -phenylene-), 2,3-

dihydroxysuccinic or tartaric acid (Z is -CH[CH(OH)(COOH)]-), citric acid (Z is -

C[CH2COOH]2-)5 hydroxy bis- and hydroxy-tris acids, and so forth. 
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in vivo 
conversion 
plus acid 
by-product 

OH active compound 
of formula (!) 

Yet another corresponding prodrug (prodrug C) is a dimer form of prodrug A, thus 

containing two thioester linkages, which can both be cleaved in vivo to form two active 

moieties, each containing the -COOH (Rl) and -Co^alkylene-SH (R5) moieties. 

Y^Q 

i*. X I w^x-
/ (CH2}r (CHA, Y^Q 

Ar*' 
1 

0^ 1 s \ 
<CH2) \ 

'0-3 
V 

R6-y 

.0 

in vivo 
conversion 

R' 

Ar-

| W X-
'(CH2}f 

Ar** 

-R 

/ (CH2J; 

Q^Y 

o 
prodrug C 

A SH 
OH active compound 

of formula (I) 

Examples of prodrug A and C are described in Example 33. 

Another embodiment of the invention provides for an active compound of formula I 

where R3 is -Co-jalkylene-SH, and the prodrug (prodrug D) is a dimer form of the 

compound: 

Ar' 

Y^G 
Ns JL 
j W x- ,6 -R 

in vivo 
conversion 

—R6 

Ar' 
'(CH2)r 

active compound 
of formula (I) prodrug D 

One example of prodrug D is the dimer form of the compound of Example 19(c). MS m/z: 

[M + H4] calcd forC^HeeFaNgOgSa, 1053.44; found 1053.6. 

In one embodiment of the invention, the compound of formula I is the species 
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embodied in formula Ila: 

M. ,R' f T 
X-4-R6 

V 7 
(Ila) 

where Ar, R2'3, X, and R5'7 are as defined for formula I; and pharmaceutically acceptable 

salts thereof. In one particular embodiment, Ar is selected from: 

5 R and 

R 

R1 is selected from -COORia, ~NHS02R,b, -S02NHRld, -S020H, -0-CH(Rle)-C00H, and 

tetrazo!-5-yl; where Ria is H, -CMalkyl, -C^aikyienearyl, -Ci^alkyleneheteroaryi, 

-C3.7cycioaIkyI, -CH(CMalkyl)0C(0)Rlaat or 

10 Rlaa is -O-Ci-^alkyl or -O-Cs^cycloalkyi; Rib is Rlc; Rlc is -Ci-salkyi or -Co-4alky!enearyl; 

Rld is H, -C(0)Ric, or -C(0)NHRic; Rle is -CMalkyl; R2 is selected from H, halo, 

-CMalkyl, -C^cycloalkyl, and -Co-salkylene-OR2b; where R2b is seiected from H and 

-CMalkyl; R3 is selected from -Ci-ioalkyl and -Co-salkyiene-O-Cooalkylene-Ci^aikyl; X is 

-Cj.nalkylene-, where 1 to 4 -CH2- moieties in the alkylene are replaced with a 

15 -NR4a-C(0)- or -C(0)-NR4a- moiety, where R4a is selected from H and -OH; R5 is selected 

from ~Co.3aikyIene-SR5a, -C0-3aikylene-C(O)NR5bR5c, -NH-Co-iaikyiene-P(0)(OR5e)2, 

-Co-2aikylene-CHR56-COOH and -Co.3alkyIene-C(0)NR5h-CHR5i-COOH; RSa is H or 

-C(0)-RSaa; R5aa is -Chalky!, -Co-fialkylene-C^.ycycloalkyi, -Co^alkylenearyl, or 

-Co^alkylenemorpholine; R5b is H, -OH, -0C(0)R5ba, -CH2COOH, or -0C(S)NR5bbR5bc; 

20 R5ba is -OCH2-aryl or -CH20-aryI; R5bb and R5bc are independently -CMalkyl; R5c is H; R5e 

is H; R5E is -CH2-0-(CH2)2-0-CH3; R5h is H; and R5' is -Cooalkylenearyl; R6 is selected 

from -CMalkyl, -Co-salkylenearyl, -Co^alkyleneheteroaryl, and -Co^alkylene-

C3.7cycloalkyl; and R7 is H or is taken together with R6 to form -cyclopentyl. In one 

embodiment, each ring in Ar and each aryi in R1"3 and R5*6, each carbon atom in X, and 
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each alky! and each aryi in R1"3, R4a"4d} and R5"6 are optionally substituted as defined for 

formula I. in yet another embodiment, each ring in Ar and each aryi in R1 and R5"6 is 

optionally substituted with 1 to 2 substituents independently selected from -Chalky!, -CN, 

halo, ~0-Cu6alkyf, and -NO2, wherein each alkyl is optionally substituted with 1 to 5 fluoro 

5 atoms; each carbon atom in X is optionally substituted with one R4b group and one -CH2-

moiety in X may be replaced with a group selected from -C^cycloalkylene-, -CR4d-CH-, 

and -CH=CR4d-; wherein R4b is -C0.5alkyiene-COOR4c or benzyl; R4c is H; and R4d is -CH2-

thiophene; and each alkyL and each aryi in R! and R6 is optionally substituted with 1 to 7 

fluoro atoms. In yet another embodiment, one ring in Ar is substituted with 1 or 2 fluoro 

10 atoms. 

In one particular embodiment of compounds of formula Ila, R1 is selected from 

-COOH, -C0(0)(C|.6alkyl), -NHS02(C,.6alkyl), and -s62NH[-C(0)(C^aikyl)]; R2 is 

selected from H, halo, -Cj^alkyl, -C^vecycloalkyl and -C0^alkylene-OH; R3 is 

-Co-salkylene-O-Co-salkylene-C(^alky 1; X is -C|.|talkylene-, where 1 to 4 -CH2- moieties in 

15 the alkylene are replaced with -NHC(O)- or -C(0)NH-; R5 is -Co-3alkylene-SR5a or 

-C0-3alkylene-C(O)NH(OH); R5a is H or -C(0)-R5aa; R5aa is -CMalkyl, -Qwaikylenearyl, or 

-Co^alkylenemorpholine; R6 is seiected from -CMalkyl, -Co-3alkylenearyl, and 

-Co-3alkylene-C3-7cycioalkyI; and R7 is H. In one embodiment, each ring in Ar and each 

aryi in R1 and R6 is optionally substituted with 1 to 2 haio groups; and each alkyl and each 

20 aryi in R1 and R6 is optionally substituted with 1 to 7 fluoro atoms. In yet another 

embodiment, one ring in Ar is substituted with 1 or 2 fluoro atoms. In one particular 

embodiment, X is -Ci.salkyiene-, and in another embodiment, X is seiected from 

-C(0)NH- and -CH2-NHC(0)-. 

In one embodiment of the invention, the compound of formula I is the species 

25 embodied in formula Ilia: 

5 

s 
A , X—f~R 
Af R7 

where Ar, R3, X, and R5'7 ate as defined for formula I; and pharmaceutically acceptable 

salts thereof. In one particular embodiment, Ar is seiected from: 
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10 

R and 
RE is -COGRu, where Ru is H or -CMalkyl; R3 is -C|.10alkyl; X is -CH2-NHC(0)-; R5 is 

selected from -Co-3alkylene-SR5a and -Co-3alkylene-C(C>)N(OH)H; R5a is H or 

-C(0)Ci^alkyl; R6 is selected from -C|.6alkyl and -Co_3alkylenearyl; and R7 is H. In one 

embodiment, each ring in Ar and the aryi in R6, the carbon atom in X, and each alkyl and 

each aryi in R1, R3, and R5*6 are optionally substituted as defined for formula I. 

In one embodiment of the invention, the compound of formula I is the species 

embodied in formula IVa: 

(IVa) 
where Ar, R2'3, X, and R5'7 are as defined for formula I; and pharmaceutically acceptable 

salts thereof. In one particular embodiment, Ar is: 

R1 is -COORl\ where Rla is H or -Cj^alkyl; R2 is H; R3 is -Cj.joalkyl; X is -CH2-

NHC(O)-; R5 is selected from -C0-3alkylene-SR5a and -C0-3alkylene-C(O)N(OH)H; R5a is H 

15 or -C(0)C[-6alkyl; R6 is selected from -CMalkyl and -Co-3alkylenearyl; and R7 is H. In one 

embodiment, each ring in Ar and the aryi in R6, the carbon atom in X, and each alkyl and 

each aryi in Rl, R3, and R5"6 are optionally substituted as defined for formula I. 

In one embodiment of the invention, the compound of formula I is the species 

embodied in formula V a: 
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where Ar, R2*3, X, and R5"7 are as defined for formula I; and pharmaceutically acceptable 

salts thereof. In one particular embodiment, Ar is: 

5 R! is -COORla, where Ria is H or -Ci-galkyl; R2 is H; R3 is -CMOalkyl; X is -C(0)NH-; R5 

is selected from -Co^alkylene-SR58 and -Co-3alkylene~C(0)N(C)H)H; Rsa is H or 

-C(0)Ci^alkyi; R6 is -Co^alkylenearyl; and R7 is H. In one embodiment, the ring in Ar and 

the aryi in R6, and each alkyl and each aryi in R1, R3, and R>6 are optionally substituted as 

defined for formula I. 
10 In one embodiment of the invention, the compound of formula I is the species 

embodied in formula Via: 

R3 

R5 

Ar ' 
R? (Via) 

where Ar, R3, X, and R5"7 are as defined for formula I; and pharmaceutically acceptable 

salts thereof. In one particular embodiment, Ar is selected from: 

15 R and 
R1 is -COORla, where Rla is H or -CMalkyl; R3 is -CMOaIkyl; X is -C(0)NH- or -CH2-

NHC(O)-; R5 is selected from -Co-3alkylene-SR5a and -Co-3alkylene-C(0)N(OH)H; R5a is H 

or -C(0)Ci^alkyl; R6 is selected from -CMalkyl and -Cooalkylenearyl; and R7 is H. In one 

embodiment, each ring in Ar and the aryi in R6, the carbon atom in X, and each alkyl and 

20 each aryi in R\ R3, and R5"6 are optionally substituted as defined for formula 1. 

In one embodiment of the invention, the compound of formula I is the species 
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embodied in formula VII: 

Ar 
(VII) 

where Y is -C(R3)-, Z is -N-, Q is -C(R2)- and W is a bond; Y is -N-, Z is -C(R3)-, Q is 

-C(R2)- and W is a bond; Y is -C(R3)-, Z is -N-, Q is -N- and W is a bond; or Y is -C(R3)-, 

5 Z is -CH-, Q is -C(R2)- and W is -C(O)-; and R2"3, Ar, X, and R5"7 are as defined for 

formula I; and pharmaceutically acceptable salts thereof. 

R[ is selected from -COORla, -NHS02Rlb, -S02NHRld, -S020H, -0-CH(Rlc)-C00H, and 

10 tetrazol-5-yi; where Ria is H, -CMalkyl, -Ci^alkylenearyl, -Ci-salkyleneheteroairyL -C3. 

7cycloalkyl, -CH(C|.4alkyl)0C(0)Rlaa, or 

Rlaa is -O-Ci^kyl or -0-C3.7cycloalkyi; Rlb is RSc; Rlc is -Ci-ealkyl or -Co-ialkylenearyl; 

Rld is H, -C(0)Rlc, or -C(0)NHRlc; Rle is -Ci^alkyl; R2 is selected from H, halo, 

15 -Ci^alkyl, -C3^cycloalkyl, and -Co-5alkylene-OR2b; where R2b is selected from H and 

-CMalkyl; R3 is selected from -Cj.ioaUcyi and -Co-salkylene-O-Co-salkylene-R36; where R3b 

is -Ci-6alkyl; X is -CM ialkylene-, where 1 to 4 -CH2- moieties in the alkylene are replaced 

with a -NR4a-C(0)- or -C(0)-NR4a- moiety, where R4a is selected from H and -OH: R5 is 

selected from -Co^alkylene-SR38, -Co-3alkylene-C(0)NRSbR5c, -NH-Co-ialkylene-

20 P(0)(0RSc)2, -C0-2alkylene-CHR58-COOH and -C0-3alky\ene-C(O)NR5h-CHR5i-COOH; R5a 

is H or -C(0)-R5aa; R5aa is -Ci-galkyl, -Co-6alkylene-C3-?cycloalkyl, -Co-galkylenearyl, or 

^Co-ealkylenemorpholine; RSb is H, -OH, -0C(0)R5ba, -CH2COOH, or-0C(S)NR5bbR5bc; 

R5ba is -OCH2-aryl or -CH20-aryl; R5bb and RSbc are independently -CMalkyl; RSc is H; R5c 

is H; R5S is -CH2-0-(CH2)2-0-CH3; RSh is H; and R5' is -Co^aikylenearyl; R6 is selected 

In another particular embodiment, Ar is selected from: 
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from -CMalkyl, -Co-3alkylenearyl, -Co-3alkyieneheteroaryl, and -Chalkylene-

C3-7cycloalkyl; and R7 is H or is taken together with R6 to form -C3-scycioalkyL In one 

embodiment, each ring in Ar and each aryi in Rs"3 and R3*6, each carbon atom in X, and 

each alkyl and each aryi in R!"3, R4a"4d, and R5'6 are optionally substituted as defined for 

5 formula I. In yet another embodiment, each ring in Ar and each aryi in R1 and R5"6 is 

optionally substituted with I to 2 substituents independently selected from -Cj-gaikyl, -CN, 

halo, -O-Ci^alkyl, and -NOi, wherein each alkyl is optionally substituted with 1 to 5 fluoro 

atoms; each carbon atom in X is optionally substituted with one R4b group and one -CH2-

moiety in X may be replaced with a group selected from -Cj.gcycloalkylene-, -CR4d=CH-, 

10 and -CH=CR4d-; wherein R4b is -Co-salkylene-COOR40 or benzyl; R4c is H; and R4d is -CH2-

thiophene; and each alkyl and each aryi in Rs and R6 is optionally substituted with I to 7 

fluoro atoms. In another aspect, these embodiments have formula II, Iia, III, Ilia, IV, IVa, 

V, Va, VI, Via or VII. 

In another particular embodiment, X is seiected from the group: -C(0)NH-; -CH2-

15 NHC(O)-; -C(0)NH-CH2~; -C(0)NH-NHC(0}-; ~CH-C(-CH2-2-thiophene}-C(0)NH-; 

-(CH2)2-NHC(0)-;-C(0)NH-CH2-CH(C00H)-CH2-;-C(0)NH-CH(benzyl)-CH2-

NHC(O)-; -C(0)NH-CH(benzyl)-CH2-C(0)NH-; -CH2-NHC(0)-CH2-NHC(0}-; 

-CH2~NHC(0)-cyclohexylene-NHC(0)-; -CH2-N(0H)C(0)-cyclohexylene-NHC(O)-; 

-CH2-NHC(0)-CH2-CH(C00H)-NHC(0)-; -CH2-NHC(0)-(CH2)2-NHC(0)-; -C(0)NH-

20 (CH2)2-C(0)N(0H)-CH2-;-C(0)NH-(CH2)2-CH(C00H)-NHC(0)-; 

-C(0)NH-(CH2)4-NHC(0)-;'CH2-NHC(0KCH2)2-CH(C00H)-NHC(0)-; -C(0)NH-

(CH2)3-CH(COOH)-NHC(0)-;-C(0)NH-(CH2)2-NHC(0)-CH2-NHC(0)-; 

-C(0)NH-(CH2)2-NHC(0)-cyclohexylene-NHC(0}s-CH2-NHC(0)-(CH2)4-NHC(0)-;-

C(0)NH-(CH2)4-CH(COOH)-NHC(0)s-CH2-NHC(0)-(CH2>2-NHC(0)-cyclohexylene-

25 NHC(O)-; -CH2-C(0)NH-(CH2)2-NHC(0)-cyclohexylene-NHC(0)-; 

-C(0)NH-(CH2)4-HHC(0)-CH2-NHC(0)-;-C(0)NH-(CH2)4-NHC(0)-cycliohexylene-

NHC(O)-; -CH2-NHC(0)-(CH2)6-NHC(0)-; -CH2-NHC(0)-(CH2)4-NHC(0)-

cyclohexylene-NHC(O)-; -C(0)NH-(CH2)6-NHC(0)-cyclohexyiene-NHC(0)-; and 

-CH2-NHC(0)-(CH2)6-NHC(0)-cyclohexylene-NHC(0)-. In another aspect, this 

30 embodiment has formula II, Ila, III, Ilia, IV, IVa, V, Va, VI, Via or VII. 

In one particular embodiment, Ar is selected from: 
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arid 

R 

In another aspect, this embodiment has formula II, lla, III, Ilia, IV, IVa, V, Va, VI, Via or 

VII. 

In another particular embodiment, R1 is selected from -COOH, -NHS02Rlb, 

5 -S02NHRld, -SO2OH, -C(0)NH-S02R1C, -P(0)(0H)2, -CN, -0-CH(Rlc)-C00H, tetrazol-

5-yl, 

where Rlb, Rtc, Rid, and Rle, are as defined for formula I. In one particular embodiment, 

R1 is selected from -COOR12, ~S02NHRld, and tetrazol-5-yl. In another embodiment, R1 is 

10 selected from -COOH, -S02NHC(0)-C 1 -6alkyI, and tetrazol-5-yI. In another aspect, these 

embodiments have formula 11, lla, III, Ilia, IV, IVa, V, Va, VI, Via or VII. 

In one particular embodiment, Rl is -COORla, where Rla is -Chalky!, 

-Cj^alkyienearyl, -Cualkyleneheteroaryl, -C^cycloalkyl, -CH(CMaIkyl)0C(0)Rlaa, 

-Co^alkylenemorpholine, 

where R is as defined for formula I. In one aspect of the invention, these compounds 

may find particular utility as prodrugs or as intermediates in the synthetic procedures 

described herein. In one particular embodiment, Rl is -COORla and Rla is -Chalky!. In 

another aspect, these embodiments have formula II, Ila, III, Ilia, IV, IVa, V, Va, VI, Via or 

In one particular embodiment, Rl is selected from -COORu and tetrazol-5-yl, 

where R,a is H or -CMalkyl. In another aspect, this embodiment has formula II, Ila, III, 

15 

20 VII. 

Ilia, IV, IVa, V, Va, VI, Via or VII. 
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In one embodiment, R5 is selected from -Co.3alkylene-SR5a, -Co.3alkylene-

C(0)NR5bR5c, and -C0-3alkylene-NR5b-C(O)R5d, -NH-Co-,alkyiene-P(0)(OR5c)2, 

-Co-salkylene-PCOJOR^R5^ -C0-2alkylene-CHR5g-COOH, and -C0.3alkylene-C(O)NR5h-

CHR5i-COOH; where RSa is H, R5b is -OH, R5c is H, R5d is H, RSc is H; and RSf, RSg, RSh, 

5 R5' are as defined for formula I. More particularly, in one embodiment, R5 is selected from 

-Co-ialkylene-SH, -Co-ialkylene-C(0)-N(OH)H, and -Co-3alkylene-N(OH)-C(0)H. In 

another embodiment, R5 is seiected from -Co.3aIkylene-SR5a and -Co-3alkyiene-

C(0)NR5bR5c, where R5a is H; R3b is -OH. In one particular embodiment, R5c is H. In 

another aspect, these embodiments have formula II, Ila, III, Ilia, IV, IVa, V, Va, VI, Via or 

10 VII. 

In yet another embodiment, R" is selected from -Co-3alkyiene-SR5a, -Co-3alkyIene~ 

C(0)NR5bR5c, -C0.3alkylene-NR5b-C(O)R5d, -NH-C0-ialkylene-P(O)(OR5c)2, -Co-3alkylene-

P(O)0R5eR5f, and -C0.3alkyiene-S-SR5j; where RSa is -C(0)-R5aa; R5b is H, -OC(Q)R5ba, 

-CH2COOH, -O-benzyl, -pyridyl, or -OC(S)NR5bbR5bc; R5t is -Ct.6alkyl, -C,.3aikylenearyl, 

15 -Ci-3aikyleneheteroaryl, -C3-7cycloaikyl, -CH(CH3)-0-C(0)R5ea, 

h=KCH3 -ff\ Y %o U ° 
and where R5aa, R5ba, Rsbb, R5be, R5c, R5d, RSea, R5r, and R5j are as defined for formula I. In 

one aspect of the invention, these compounds may find particular utility as prodrugs or as 

intermediates in the synthetic procedures described herein. In another aspect, these 

20 embodiments have formula II, Ila, III, Ilia, IV, IVa, V, Va, VI, Via or VII. 

In one particular embodiment, R5 is selected from -Co-3alkylene-SR5a and 

-C0-3alkylene-C(O)NR5bR5c; where R5a is selected from H and -C(0)-C^alkyl; R5b is 

selected from H, -OH, and -0C(0)-Ci^alkyl; and R5c is selected from H and -CMalkyl. In 

another aspect, this embodiment has formula II, Ila, III, Ilia, IV, IVa, V, Va, VI, Via or 

25 VII. 

In another embodiment, R1 is selected from -COORla where Rla is H, -NHS02Rlb, 

-S02NHR,d, -S020H, -C(0)NH-S02R1C, -P(0)(0H)2, -CN, ^0-CH(Rlc)-C00H, tetrazol-

5-yt, 
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R5 is selected from -Co-3alkylene-SR5a, -Co-3aIkylene-C(0)NR5bR5c, and 

-C0.3aikylene-'NR5b-C(O)R5d>-NH-C0-1alkylene-P(O)(OR5e)2, -C0-3alkylene-P(O)OR5eR5f, 

-C0-2alky!ene-CHR5&-COOH, and -C0.3alkyiene-C(O)NR5h-CHR5l-COOH; R5a is H, Rsb is 

5 -OH, R5C is H, R5d is H, R3e is H; and R5f, R38, R5h, R3' are as defined for formula I. In one 

particular embodiment, Rl is selected from -COOH, -S02NHRid, and tetrazol-5-yl; and R3 

is selected from -Co-3alkylene-SH, and -C0-3aikyiene-C(O)N(OH)H. In another aspect, 

these embodiments have formula II, Ila, III, Ilia, IV, IVa, V, Va, VI, Via or VII. 

In another embodiment, R' is -COORla, where Rla is -Ci^alkyl, -C|.3alkylenearyl, 

R5 is seiected from -Co-3alkylene-SR5as -Co-3aikyletie-C(0)NR5bR5c, ~Co.3alkyleiie-NR5b-

C(0)R5d, -NH-C0-1aIkylene-P(O)(OR3e)2j -C0-3alkylene-P(O)OR5fiR5f, and -C0-3aIkylene-S-

15 SR5J; where RSa is -C(0)-R5aa; R5b is H, -0C(0)R5ba, -CH2COOH, -O-benayl, -pyridyl, or 

-OC(S)NR5bbR5bc; R5c is -CMalkyl, -C^alkylenearyi, -Ci-3alkyieneheteroaryl, 

-C3-7cycloalkyl, -CH(CH3)-0-C(0)R5ca, 

and where R5aa, R5ba, R3bb, RSbc, R5c, R5d, R5ea, R5f, and R5j are as defined for formula I. In 

20 another aspect, this embodiment has formula II, Ila, III, Ilia, IV, IVa, V, Va, VI, Via or 

A particular group of compounds of formula I are those disclosed in U.S. 

Provisional Application No. 60/925,931, filed on April 24, 2007. This group includes 
compounds of formula (!'): 

10 -Ct^alkyleneheteroaryi, -C3-7CycioaIkyl, -CH(Ci-4alkyI)0C(0)RlM. 

-Co-salky lenemorpholine. 

VII. 
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"Q1 

AA-
Af—(CH2), (I') 

wherein: Y' is -C(R3')-, Z' is -N-, Q' is -C(R*)- and A' is a bond; Y' is -N-, Z' is -C(RJ|)-, Q' 

is -C(R2)- and A' is a bond; Y' is -C(R3')-, Z' is -N-, Q' is -N- and A' is a bond; Y' is 

-C(R3')-, Z' is -CH-, Q' is -N- and A' is a bond; or Y' is -C(R3')-, Z' is -CH-, Q' is -C(R2')-

5 and A' is -C(O)-; r' is 0, 1 or 2; Ar' is an aryi group selected from: 

R' /NVR' 

),.2 

R1' is selected from -COORu, -NHS02-C,.6alkyl, -NHS02aryl, -NHS02NHC(0)-

Ci^alkyl, -NHS02NHC(0)-aryl, -S02NHC(0)-Ci.6alkyl, -S02NHC(0)-aryl, 

10 -S02NHC(0)NH-C!-6alkyl, -S02NHC(0)NH-aryl, -S020H, -S02NH2, -S02NH-Cl.6aikyl, 

-S02NH-aryl, -C(0)NH-S02-C1.6alkyl, -C(0)NH-S0raryl, -P(0)(0H)2, -CN, 

-OCH(CH3)-COOH, -OCH(aryl)-COOH, tetrazol-5-y[, 
o 

O 
'/ N 

^—NH 
0 and 0 

where Ria' is seiected from H, -CMalkyl, benzyl, -Cioalkyieneheteroaryl, cycloalkyl, 

15 -CH(CH3)OC(0)R ibi 
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tvr °Y° 
0 and 

RIbl is selected from -O-Cj^aikyl, -O-cycioalkyl, -NRiCfRld', -CH(NH2)CH2C00CH3; and 

Rlc' and Rld' are independently selected from H, -Ci^alkyl, and benzyl, or are taken 

together as -(CH2)3-6-; R2' is selected from H, -CH2OH, halo, -NO2, -C)-6alkyl, -Q>. 

5 ^alkenyl, -Cj^cycloalkyl, -CN, -C(0)R2a, and -Co-3alky{enearyl; where R2a< is selected from 

H, -Ci^aikyl, -C3-6cycloalkyl, -Co^alkylene-phenyl, -OR2b' and -NR2c'R2d'; R2b' is seiected 

from H, -Ci-ealkyl, -C3-6cycloalkyl, phenyl and benzyl; and R2c' and R2dl are independently-

selected from H, -CMalkyl, and -Co-ialkylene-phenyl; R3' is selected from -Cj-ioalkyl, -C2-

ioalkenyl, -Cs.to&lkynyl, -C>7cycloalkyl, -Cooalkylene-Cj^cycloalkyl, -Co-jalkenylene-Cj. 

10 .cycloalkyl, -Cooalkynyiene-C^cycloalkyl, -(CK2)0-5NR3a,(CH2)o-5R3b[) -(CUjh-sQiCH^. 

5R3b\ -(CH2)I-5S(CH2) 1 -5R3b', and -Co-3alkylenearyl; where R3a' is selected from H, 

-CMalkyl, -C3.6cycloalkyl, and -Co-ialkylene-phenyl; and R3b< is selected from H, 

-Ct.6alkyl, -C3.6cycloalkyl, -C2^alkenyl, ~C2-4alkynyl, and phenyl; R4' is ~X'-CR5,R6,R71; X' 

is Ci42alkylene, where at least one -CH2- moiety in the alkylene is replaced with a 

15 -NR4a'-C(0}- or -C(0)-NR4a'- moiety, where R4a' is selected from H, -OH, and -CMalkyl; 

R5, is selected from -Co-3alkyIene-SR5a', ~Co-3alkylene-C(0)NR5b'R5c', -Co-salkyiene-

NR5b,-C(0)R5d',-C0.ialkylene-NHC(O)CH2SH, -NH-C0-1aIkylene~P(O)(OH)2, 

-C0-3alkylene-P(O)OH-R5e', -C0-2alkyiene-CHR5r,-COOH and -C0.3alkylene-C(O)NR5g'-

CHR5h,-COOH; where R5ai is seiected from H, -C(0)-Ci_*alkyl, -C(0)-Co^alkylene-

20 C3-7cycloaIkyl, -C(0)-Co-6alkylenearyl, and -C(0)-Co~6alkyleneheteroaryl; R5b' is selected 

from H, -OH, -0C(0)Ct^alkyl, -CH2COOH, -O-benzyl, -pyridyl, -0C(0)0CH2-phenyl, 

-0C(0)CH20-phenyl, -0C(0)N(CH3)2, and -0C(S)N(CH3)2; R5c' is selected from H, 

-CMalkyl, and -C(0)-R5c". where R5c" is seiected from -CMalkyl, -C3-?cycloalkyl, aryi, and 

heteroaryl; R5dl is selected from H, -CMalkyl, -C0.3alkylenearyl, -NR5d"R5d,"3 and 

25 -O-Ci^alkyl, where R5d" and R5d"' are independently selected from H and -Ci^alkyl; R5e' is 

selected from H, -CMalkyl, -Cooalkylenearyi, -C1.3alkylene-NR5e"R5c'", and 

-C j .3alkylene(aryl)-Co-3alkylene-NR5e"RS£"', where RSft" and RSc'" are independently 

selected from H and -CMalkyl; R5f' is selected from H, -CMalkyl, -Ci^alkyienearyl, and 

-CH2-0"(CH2)2-0CH3; R3g' is seiected from H and -CMalkyl; and R5h' is selected from H, 
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-CMalkyl, and -Co-salkylenearyl; R6, is selected from -Ci-^alkyl, -CH20(CH2)20CH3, 

-C|.6aIkylene-0-Ci-6alkyl, -Cooalkylenearyl, -Co-aalkyleneheteroaryl, and 

-Co-3alkylene-C3-7cycloalkyl; and R7' is H or is taken together-with R6' to form 

-C3.gcycloalkyl; wherein: each -CH2- group in -(CFhV- is optionally substituted with 1 or 2 

5 substituents independently selected from -CMalkyl and fluoro; each alkyl and each aryi in 

R5'*4' is optionally substituted with 1 to 7 fluoro atoms; each ring in Ar' and each aryi in R1'" 
4' is optionally substituted with 1 to 3 substituents independently selected from -OH, 

-CMalkyl, -Cs^alkenyl, -C2-4alkynyl, -CN, halo, -0(Cf-6aikyl), -S(Ci^alkyl), 

-S(0)(Ci_6alky\), -S(0)2(CMalkyl), -phenyl, -NO2, -NH2, -NH(Ci-6alkyl) and 

10 -N(Ci-6alkyl)2, wherein each alkyl, alkenyl and alkynyl is optionally substituted with 1 to 5 

fluoro atoms; and each carbon atom in the alkylene moiety in X' is optionally substituted 

with one more R4b' groups and one -CH2- moiety in X' may be replaced with 

-C4.gcycloalkylene; wherein R4bl is selected from -Co^alkylene-COOH, -CMalkyl, 

-Co-ialkylene-CONH2, -C^alkyiene-OH, -Co-salkylene-Cj^cycloalkyl, and benzyl; and 

15 pharmaceutically acceptable salts thereof. 

In one particular embodiment of the compound of formula (I'), Y' represents 

-C(R3')-, Z' is -N-, Q' is -C(R2')- and A' is a bond, which can be represented as: 

20 forth in the Examples below, as well as the pharmaceutically acceptable salts thereof. 

When describing the compounds, compositions, methods and processes of the 

invention, the following terms have the following meanings unless otherwise indicated. 

Additionally, as used herein, the singular forms "a," "an," and "the" include the 

25 corresponding plural forms unless the context of use clearly dictates otherwise. The terms 

''comprising", "including," and "having" are intended to be inclusive and mean that there 

may be additional elements other than the listed elements. 

or otherwise undesirable. For example, the term "pharmaceutically acceptable carrier" 

30 refers to a material that can be incorporated into a composition and administered to a 

patient without causing undesirable biological effects or interacting in a deleterious manner 
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in addition, particular compounds of formula I that are of interest include those set 

DEFINITIONS 

The term "pharmaceutically acceptable" refers to a material that is not biologically 



with other components of the composition. Such pharmaceutically acceptable materials 

typically have met the required standards of toxicological and manufacturing testing, and 

include those materials identified as suitable inactive ingredients by the U.S. Food and 

Drug administration. 

5 The term "pharmaceutically acceptable salt" means a salt prepared from a base or 

an acid which is acceptable for administration to a patient, such as a mammal (for example, 

salts having acceptable mammalian safety for a given dosage regime). However, it is 

understood that the salts covered by the invention are not required to be pharmaceutically 

acceptable salts, such as salts of intermediate compounds that are not intended for 

10 administration to a patient. Pharmaceutically acceptable salts can be derived from 

pharmaceutically acceptable inorganic or organic bases and from pharmaceutically 

acceptable inorganic or organic acids. En addition, when a compound of formula I contains 

both a basic moiety, such as an amine, pyridine or imidazole, and an acidic moiety such as 

a carboxylic acid or tetrazole, zwitterions may be formed and are included within the term 

15 "salt" as used herein. Salts derived from pharmaceutically acceptable inorganic bases 

include ammonium, calcium, copper, ferric, ferrous, lithium, magnesium, manganic, 

manganous, potassium, sodium, and zinc salts, and the like. Salts derived from 

pharmaceutically acceptable organic bases include salts of primary, secondary and tertiary 

amines, including substituted amines, cyclic amines, naturally-occurring amines and the 

20 iike, such as arginine, betaine, caffeine, choline, AW-dibenzylethylenediamine, 

diethylamine, 2-diethylaminoethanol, 2-dimethylaminoethanol, ethanolamine, 

ethylenediamine, N-ethylmorpholine, N-ethylpiperidine, glucamine, glucosamine, 

histidine, hydrabamine, isopropylamine, lysine, methylglucamine, morpholine, piperazine, 

piperadine, polyamine resins, procaine, purines, theobromine, triethylamine, 

25 trimethylamine, tripropylamine, tromethamine and the like. Salts derived from 

pharmaceutically acceptable inorganic acids include salts of boric, carbonic, hydrohalic 

(hydrobromic, hydrochloric, hydrofluoric or hydroiodic), nitric, phosphoric, sulfamic and 

sulfuric acids. Salts derived from pharmaceutically acceptable organic acids include salts 

of aliphatic hydroxy! acids (for example, citric, gluconic, glycolic, lactic, lactobionic, 

30 malic, and tartaric acids), aliphatic monocarboxylic acids (for example, acetic, butyric, 

formic, propionic and trifluoroacetic acids), amino acids (for example, aspartic and 

glutamic acids), aromatic carboxylic acids (for example, benzoic, p-chlorobenzoic, 

diphenylacetic, gentisic, hippuric, and triphenylacetic acids), aromatic hydroxyl acids (for 
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example, o-hydroxybenzoic, p-hydroxybenzoic, l-hydroxynaphthalene-2-carboxylic and 3-

hydroxynaphthalene-2-carboxylic acids), ascorbic, dicarboxylic acids (for example, 

fumaric, maleic, oxalic and succinic acids), glucoronic, mandelic, mucic, nicotinic, orotic, 

pamoic, pantothenic, sulfonic acids (for example, benzenesulfonic, camphosulfonic, 

5 edisylic, ethanesulfonic, isethionic, methanesulfonic, naphthalenesulfonic, naphthalene-

1,5-disulfonic, naphthaiene-2,6-disulfonic and p-toluenesulfonic acids), xinafoic acid, and 

the like. 

As used herein, the term "prodrug" is intended to mean an inactive (or significantly 

less active) precursor of a drug that is converted into its active form in the body under 

10 physiological conditions, for example, by normal metabolic processes. The term is also 

intended to include certain protected derivatives of compounds of formula I that may be 

made prior to a final deprotection stage. Such compounds may not possess 

pharmacological activity at ATi and/or NEP, but may be administered oraliy or 

parenterally and thereafter metabolized in the body to form compounds of the invention 

15 which are pharmacologically active at ATi and/or NEP. Thus, all protected derivatives and 

prodrugs of compounds formula I are included within the scope of the invention. Prodrugs 

of compounds of formula I having a free carboxyl, sulfhydryi or hydroxy group can be 

readily synthesized by techniques that are well known in the art. These prodrug derivatives 

are then converted by solvolysis or under physiological conditions to be the free carboxyl, 

20 sulfhydryi and/or hydroxy compounds. Exemplary prodrugs include: esters including 

Cj^alkylesters and aryl-Ci-6alkylesters, carbonate esters, hemi-esters, phosphate esters, 

nitro esters, sulfate esters, sulfoxides, amides, carbamates, azo-compounds, phosphamides, 

glycosides, ethers, acetals, ketals, and disulfides. In one embodiment, the compounds of 

formula I have a free sulfhydryi or a free carboxyl and the prodrug is an ester derivative. 

25 The term "solvate" means a complex or aggregate formed by one or more 

molecules of a solute, for example, a compound of formula I or a pharmaceutically 

acceptable salt thereof, and one or more molecules of a solvent. Such solvates are typically 

crystalline solids having a substantially fixed molar ratio of solute and solvent. 

Representative solvents include, by way of example, water, methanol, ethanol, isopropanol, 

30 acetic acid and the like. When the solvent is water, the solvate formed is a hydrate. 

The term "therapeutically effective amount" means an amount sufficient to effect 

treatment when administered to a patient in need thereof, that is, the amount of drug 

needed to obtain the desired therapeutic effect. For example, a therapeutically effective 



amount for treating hypertension could be the amount of drug needed to reduce blood 

pressure or the amount of drug needed to maintain normal blood pressure. On the other 

hand, the term "effective amount" means an amount sufficient to obtain a desired result, 

which may not necessary be a therapeutic result. For example, when studying a system 

5 comprising an AT i receptor, an "effective amount" may be the amount needed to 

antagonize the receptor. 

The term "treating" or "treatment" as used herein means the treating or treatment of 

a disease or medical condition (such as hypertension) in a patient, such as a mammal 

(particularly a human) that includes: (a) preventing the disease or medical condition from 

10 occurring, that is, prophylactic treatment of a patient; (b) ameliorating the disease or 

medical condition such as by eliminating or causing regression of the disease or medical 

condition in a patient; (c) suppressing the disease or medical condition such as by slowing 

or arresting the development of the disease or medical condition in a patient; or (d) 

alleviating the symptoms of the disease or medical condition in a patient. For example, the 

15 term "treating hypertension" would include preventing hypertension from occurring, 

ameliorating hypertension, suppressing hypertension, and alleviating the symptoms of 

hypertension (for example, lowering blood pressure). The term "patient" is intended to 

include those mammals, such as humans, that are in need of treatment or disease 

prevention or that are presently being treated for disease prevention or treatment of a 

20 specific disease or medical condition. The term "patient" also includes test subjects in 

which compounds of the invention are being evaluated or test subjects being used in a 

assay, for example an animal model. 

The term "alkyl" means a monovalent saturated hydrocarbon group which may be 

linear or branched. Unless otherwise defined, such alkyl groups typically contain from 1 to 

25 10 carbon atoms and include, for example, -Chalky!, -Chalky!, and -Ci.joalkyl. 

Representative alkyl groups include, by way of example, methyl, ethyl, n-propyl, 

isopropyl, w-butyl, j-butyl, isobutyl, /-butyl, rc-pentyl, H-hexyl, n-heptyl, n-octyl, n-nonyl, 

tt-decyl and the like. 

When a specific number of carbon atoms is intended for a particular term used 

30 herein, the number of carbon atoms is shown preceding the term as subscript. For 

example, the term "-Cj^alkyl" means an alkyl group having from I to 6 carbon atoms, and 

the term "-C^cycloalkyl" means a cycloalkyl group having from 3 to 6 carbon atoms, 

where the carbon atoms are in any acceptable configuration. 



The term "alkylene" means a divalent saturated hydrocarbon group that may be 

linear or branched. Unless otherwise defined, such alkylene groups typically contain from 

0 to 10 carbon atoms and include, for example, -Co-ialkylene-, -Co.2alkylene-, 

-Cooalkylene-, -Co-salkylene-, -Co^alkyiene-, -Ci^alkylene- and -Ct-ualkylene-. 

5 Representative alkylene groups include, by way of example, methylene, ethane- 1,2-diy! 

("ethylene"), propane-l,2-diyl, propane-1,3-diyl, butane-1,4-diyi, pentane-l,5-diyl and the 

like. It is understood that when the alkylene term include zero carbons such as 

-Co-ialkylene- or -Chalky lene-, such terms are intended to include a single bond. 

The term "alkyithio" means a monovalent group of the formula -S-alkyl, where 

10 alkyl is as defined herein. Unless otherwise defined, such alkyithio groups typically 

contain from 1 to 10 carbon atoms and include, for example, -S-CMalkyl and -S-Cj^alkyl. 

Representative alkyithio groups include, by way of example, ethylthio, propylthio, 

isopropylthio, butylthio, 5-butyithio and /-butylthio. 

The term "alkenyl" means a monovalent unsaturated hydrocarbon group which may 

15 be linear or branched arid which has at least one, and typically 1, 2 or 3, carbon-carbon 

double bonds. Unless otherwise defined, such alkenyl groups typically contain from 2 to 

10 carbon atoms and include, for example, -C2^alkenyl and -C2-ioalkenyl. Representative 

alkenyl groups include, by way of example, ethenyl, w-propenyl, isopropenyl, «-but-2-enyl, 

rc-hex-3-enyl and the like. The term "alkenylene" means a divalent alkenyl group, and 

20 includes groups such as -C2-3alkenylene-. 

The term "alkoxy" means a monovalent group of the formula -O-alkyl, where alkyl 

is as defined herein. Unless otherwise defined, such alkoxy groups typically contain from 

1 to 10 carbon atoms and include, for example, -O-Cj^alkyl and -O-C^aikyl. 

Representative alkoxy groups include, by way of example, methoxy, ethoxy, n-propoxy, 

25 isopropoxy, rc-butoxy, sec-butoxy, isobutoxy, /-butoxy and the like. 

The term "alkynyl" means a monovalent unsaturated hydrocarbon group which may 

be linear or branched and which has at least one, and typically I, 2 or 3, carbon-carbon 

triple bonds. Unless otherwise defined, such alkynyl groups typically contain from 2 to 10 

carbon atoms and include, for example, -C2^alkynyl and -C3.ioalkynyl. Representative 

30 alkynyl groups include, by way of example, ethynyl, n-propynyl, «-but-2-ynyl, /t-hex-3-

ynyl and the like. The term "alkynylene" means a divalent alkynyl group and includes 

groups such as -C2-3alkynylene. 

Amino acid residues are often designated as -C(0)-CHR-NH-, where the R moiety 
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is referred to as the "amino acid side chain." Thus, for the amino acid valine, HO-C(O)-

CH[-CH(CH3)2]-NH2, the side chain is -CH(CH3)2- Ther term "amino acid side chain" is 

intended to include side chains of the twenty common naturally occurring amino acids: 

alanine, arginine, asparagine, aspartic acid, cysteine, glutamic acid, glutamine, glycine, 

5 histidine, isoieucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, 

tryptophan, tyrosine, and valine. Of particular interest are the side chains of non-polar 

amino acids such as isoieucine, leucine, and valine. 

The term "aryi" means a monovalent aromatic hydrocarbon having a single ring 

(for example, phenyl) or fused rings. Fused ring systems include those that are fully 

10 unsaturated (for example, naphthalene) as well as those that are partially unsaturated (for 

example, 1,2,3,4-tetrahydronaphthalene). Unless otherwise defined, such aryi groups 

typically contain from 6 to 10 carbon ring atoms and include, for example, -C6-ioaryl. 

Representative aryi groups include, by way of example, phenyl and naphthalene- 1-yI, 

naphthalene-2-yl, and the like. The term "arylene" means a divalent aryi group such as 

15 phenyiene. 

The term "cycloalkyl" means a monovalent saturated carbocyclic hydrocarbon 

group. Unless otherwise defined, such cycloalkyl groups typically contain from 3 to 10 

carbon atoms and include, for example, -C^.scycloalkyl, -Cj^cycloaikyl and 

-C3-7cycloalkyl. Representative cycloalkyl groups include, by way of example, 

20 cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like. The term "cycloalkylene" 

means a divalent aryi group such as -C^gcycloalkylene. 

The term "halo" means fluoro, chloro, bromo and iodo. 

The term "heteroaryl" means a monovalent aromatic group having a single ring or 

two fused rings and containing in the ring(s) at least one heteroatom (typically 1 to 3) 

25 selected from nitrogen, oxygen or sulfur. Unless otherwise defined, such heteroaryl groups 

typically contain from 5 to 10 total ring atoms and include, for example, -C2-9heteroaryl. 

Representative heteroaryl groups include, by way of example, monovalent species of 

pyrrole, imidazole, thiazole, oxazole, furan, thiophene, triazole, pyrazole, isoxazole, 

isothiazole, pyridine, pyrazine, pyridazine, pyrimidine, triazine, indole, benzofuran, 

30 benzothiophene, benzoimidazole, benzthiazole, quinoline, isoquinoline, quinazoline, 

quinoxaline and the like, where the point of attachment is at any available carbon or 

nitrogen ring atom. 

The term "optionally substituted" means that group in question may be 



unsubstituted or it may be substituted one or several times, such as 1 to 3 times or 1 to 5 

times. For example, an alkyl group that is "optionally substituted" with 1 to 5 fluoro 

atoms, may be unsubstituted, or it may contain 1,2, 3, 4, or 5 fluoro atoms. 

The term "protected derivatives thereof means a derivative of the specified 

5 compound in which one or more functional groups of the compound are protected or 

blocked from undergoing undesired reactions with a protecting or blocking group. 

Functional groups that may be protected include, by way of example, carboxy groups, 

amino groups, hydroxy! groups, thiol groups, carbonyl groups and the like. Representative 

protecting groups for carboxy groups include esters (such as a p-methoxybenzyl ester), 

10 amides and hydrazides; for amino groups, carbamates (such as f-butoxycarbonyl) and 

amides; for hydroxyl groups, ethers and esters; for thiol groups, thioethers and thioesters; 

for carbonyl groups, acetals and ketals; and the like. Such protecting groups are well-

known to those skilled in the art and are described, for example, in T. W. Greene and G. M. 

Wuts, Protecting Groups in Organic Synthesis, Third Edition, Wiley, New York, 1999, and 

15 references cited therein. 

All other terms used herein are intended to have their ordinary meaning as 

understood by those of ordinary skill in the art to which they pertain. 

GENERAL SYNTHETIC PROCEDURES 

Compounds of the invention can be prepared from readily available starting 

20 materials using the following general methods, the procedures set forth in the Examples, or 

by using other methods, reagents, and starting materials that are known to those of ordinary 

skill in the art. Although the following procedures may illustrate a particular embodiment 

of the invention, it is understood that other embodiments of the invention can be similarly 

prepared using the same or similar methods or by using other methods, reagents and 

25 starting materials known to those of ordinary skill in the art. It will also be appreciated that 

where typical or preferred process conditions (for example, reaction temperatures, times, 

mole ratios of reactants, solvents, pressures, etc.) are given, other process conditions can 

also be used unless otherwise stated. While optimum reaction conditions will typically 

vary depending on various reaction parameters such as the particular reactants, solvents 

30 and quantities used, those of ordinary skill in the art can readily determine suitable reaction 

conditions using routine optimization procedures. 

Additionally, as will be apparent to those skilled in the art, conventional protecting 

groups may be necessary or desired to prevent certain functional groups from undergoing 



undesired reactions. The choice of a suitable protecting group for a particular functional 

group as well as suitable conditions and reagents for protection and deprotection of such 

functional groups are well-known in the art. Protecting groups other than those illustrated 

in the procedures described herein may be used, if desired. For example, numerous 

5 protecting groups, and their introduction and removal, are described in T. W. Greene and 

G. M. Wuts, Protecting Groups in Organic Synthesis, Third Edition, Wiley, New York, 

1999, and references cited therein. More specifically, the following abbreviations and 

reagents are used in the schemes presented below: 

P1 represents an "ammo-protecting group," a term used herein to mean a protecting 

10 group suitable for preventing undesired reactions at an amino group. Representative 

ammo-protecting groups include, but are not limited to, /-butoxycarbonyl (BOC), trityl 

(Tr), benzyloxycarbonyl (Cbz), 9-fluorenylmethoxycarbonyi (Fmoc), formyl, trimethylsilyl 

(TMS), /-butyidimethylsilyl (TBDMS), and the like. Standard deprotection techniques are 

used to remove the P1 group. For example, deprotection of an N-BOC group can involve 

15 reagents such as TFA in DCM or HCl in 1,4-dioxane, while a Cbz group can be removed 

by employing catalytic hydrogenation conditions such as H2 (1 atm), 10% Pd/C in an 

alcoholic solvent. 

P2 represents a "carboxy-protecting group," a term used herein to mean a protecting 

group suitable for preventing undesired reactions at a carboxy group. Representative 

20 carboxy-protecting groups include, but are not limited to, methyl, ethyl, /-butyl, benzyl 

(Bn), p-methoxybenzyl (PMB), 9-fluorenyImethy 1 (Fm), trimethylsilyl (TMS), /-

butyidimethylsilyl (TBDMS), diphenylmethyl (benzhydryl, DPM) and the like. Standard 

deprotection techniques and reagents are used to remove the P2 group, and may vary 

depending upon which group is used. For example, NaOH is commonly used when P2 is 

25 methyl, an acid such as TFA or HCl is commonly used when P2 is /-butyl, and catalytic 

hydrogenation condition such as H2 (1 atm) and 10% Pd/C in alcoholic soivent 

("Hz/Pd/C") may be used when P2 is benzyl. 

P3 represents a "thiol-protecting group," a term used herein to mean a protecting 

group suitable for preventing undesired reactions at a thiol group. Representative thioi-

30 protecting groups include, but are not limited to, ethers, esters such as -C(0)CH3, and the 

like. Standard deprotection techniques and reagents such as NaOH, primary alkylamines, 

and hydrazine, may be used to remove the P3 group. 

P4 represents a "tetrazole-protecting group," a term used herein to mean a 



protecting group suitable for preventing undesired reactions at a tetrazole group. 

Representative tetrazole-protecting groups include, but are not limited to trityl and 

diphenylmethyl. Standard deprotection techniques and reagents such as TFA in DCM or 

HCl in 1,4-dioxane may be used to remove the P4 group. 

5 P5 represents a "hydroxy!-protecting group," a term that is used herein to mean a 

protecting group suitable for preventing undesired reactions at a hydroxy! group. 

Representative hydroxyl-protecting groups include, but are not limited to Cj-galkyls, silyl 

groups including triCi^alkylsiiy! groups, such as trimethylsilyl (TMS), triethylsilyl (TES), 

and ?er/-butyldimethylsilyl (TBDMS); esters (acyl groups) including Cs^alkanoyl groups, 

10 such as formyl, acetyl, and pivaloyl, and aromatic acyl groups such as benzoyl; aryimethyl 

groups such as benzyl (Bn), p-methoxybenzyl (PMB), 9-fluorenylmethyl (Fm), and 

diphenylmethyl (benzhydryl, DPM); and the like. Standard deprotection techniques and 

reagents are used to remove the P5 group, and may vary depending upon which group is 

used. For example, is commonly used when P5 is benzyl, while NaOH is 

15 commonly used when P5 is an acyl group. 

P6 represents a "sulfonamide-protecting group," a term that is used herein to mean a 

protecting group suitable for preventing undesired reactions at a sulfonamide group. 

Representative sulfonamide-protecting groups include, but are not limited to /-butyl and 

acyl groups. Exemplary acyl groups include aliphatic lower acyl groups such as the 

20 formyl, acetyl, phenylacetyi, butyryl, isobutyryl, valeryl, isovalery! and pivaloyl groups, 

and aromatic acyl groups such as the benzoyl and 4-acetoxybenzoyl. Standard 

deprotection techniques and reagents are used to remove the P6 group, and may vary 

depending upon which group is used. For example, HCl is commonly used when P6 is (-

butyl, while NaOH is commonly used when P6 is an acyl group. 

25 P7 represents a "phosphate-protecting group or phosphinate-protecting group," a 

term used herein to mean a protecting group suitable for preventing undesired reactions at a 

phosphate or phosphinate group. Representative phosphate and phosphinate protecting 

groups include, but are not limited to CMalkyls, aryi (for example, phenyl) and substituted 

aryls (for example, chlorophenyl and methylphenyl). The protected group can be 

30 represented by -P(0)(0R)2, where R is a group such as a Chalky! or phenyl. Standard 

deprotection techniques and reagents such as TMS-I/2,6-lutidine, and H2/Pd/C are used to 

remove the P7 group such as ethyi, and benzyl, respectively. 

In addition, L is used to designate a "leaving group," a term used herein to mean a 
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functional group or atom which can be displaced by another functional group or atom in a 

substitution reaction, such as a nucleophilic substitution reaction. By way of example, 

representative leaving groups include chloro, bromo and iodo groups; sulfonic ester 

groups, such as mesylate, triflate, tosylate, brosylate, nosylate and the like; and acyloxy 

5 groups, such as acetoxy, trifluoroacetoxy and the like. 

Suitable bases for use in these schemes include, by way of illustration and not 

limitation, potassium carbonate, calcium carbonate, sodium carbonate, triethylamme, 

pyridine, l,8-diazabicyclo-[5.4.0]undec-7-ene (DBU), N,N-diisopropylethylamine 

(DIPEA), sodium hydroxide, potassium hydroxide, potassium /-butoxide, and metal 

10 hydrides. 

Suitable inert diluents or solvents for use in these schemes include, by way of 

illustration and not limitation, tetrahydrofuran (THF), acetonitrile (MeCN), N,N-

dimethylformamide (DMF), dimethyl sulfoxide (DMSO), toluene, dichloromethane 

(DCM), chloroform (CHCh), carbon tetrachloride (CCU), 1,4-dioxane, methanol, ethanol, 
15 water, and the like. 

Suitable carboxylic acid/amine coupling reagents include benzotriazol-1-

yloxytris(dimethylamino)phosphonium hexafluorophosphate (BOP), benzotriazol-l-

yloxytripyrrolidinophosphonium hexafluorophosphate (PyBOP), 0-( 7 -azabe nzo tr iazo 1 -1 -

yl-ACAWAr-tetramethyluronium hexafluorophosphate (HATU), dicyclohexylcarbodiimide 

20 (DCC), A'-(3-dimethylaminopropyl)-N-ethylcarbodiimide (EDC), carbonyldiimidazole 

(CDI), and the like. Coupling reactions are conducted in an inert diluent in the presence of 

a base, and are performed under conventional amide bond-forming conditions. 

All reactions are typically conducted at a temperature within the range of about 

-78 °C to 100 °C, for example at room temperature. Reactions may be monitored by use of 

25 thin layer chromatography (TLC), high performance liquid chromatography (HPLC), 

and/or LCMS until completion. Reactions may be complete in minutes, or may take hours, 

typically from 1-2 hours and up to 48 hours. Upon completion, the resulting mixture or 

reaction product may be further treated in order to obtain the desired product. For 

example, the resulting mixture or reaction product may be subjected to one or more of the 

30 following procedures: concentrating or partitioning (for example, between EtOAc and 

water or between 5% THF in EtOAc and IM phosphoric acid); extraction (for example, 

with EtOAc, CHCI3, DCM, HCl); washing (for example, with saturated aqueous NaCl, 

saturated NaHC03, Na2C03 (5%), CHCI3 or 1M NaOH); drying (for example, over 
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MgSC>4, over Na2S04, or in vacuo); filtering; crystallizing (for example, from EtOAc and 

hexane); and/or being concentrated (for example, in vacuo). 

By way of illustration, compounds of formula I, as well as their salts, solvates, and 

prodrugs can be prepared by one or more of the following exemplary processes. 

5 Scheme I: Peptide Coupling Reaction and Optional Deprotection 

The X moiety contains one or more amide groups, and therefore the compounds of 

the invention may be formed by a coupling reaction under conventional amide bond-

forming conditions, followed by a deprotection step if needed. In Scheme I, the A and B 

moieties couple to form X, and the sum of a and b is in the range of 0 to 11. Thus, one 

10 moiety comprises an amine group and one moiety comprises a carboxylic acid group, i.e., 

A is -NH2 and B is -COOH or A is -COOH and B is -NH2. 

Y^Q f/R6 ^ j? Ff 
XN„ X / + B\ / ̂ R7 0 Coupling | X—fO 

(CH2)r W (CH2)a (CH2)B 2) Deprotection R7 

Ar' (D (2) (0Pti°nal) Ar' (!) or 
„ , , a protected form of (I) Scheme I 

For example, to synthesize a compound of formula 1 where X is -CONH-, A would be 

-COOH and B would be -NH2. Similarly, A as -NH2 and B as -COOH would couple to 

15 form -NHCO- as the X moiety. A and B can be readily modified if a longer X is desired, 

whether it contains an alkylene portion or additional amide groups. For example, A as 

-CH2NH2 and B as -COOH would couple to form -CH2NHCO- as the X moiety. 

It is understood that the carbon atoms in the -(CH2)a and -(CH2)b groups make up 

the "X" linker. Therefore, these carbon atoms may be substituted with one or more R4b 

20 groups. Furthermore, one -CH2- group in the -(CH2)a or the -(CH2)b group may be replaced 

with a -C4-8cycloalkylene-, -CR4d=CH-, or -CH=CR4d- group. 

Ar* represents Ar-R!\ where Rl* may represent R1 as defined herein, or a 

protected form of R1 (for example, -tetrazol-5-yl-P4 or -C(0)0-P2 such as 

-C(0)0-Cj.6alkyf), or a precursor of Rl (for example, -CN that is then converted to 

25 tetrazole, or nitro that is then converted to amino from which the desired R1 is prepared). 

R5* represents R5 as defined herein, or a protected form of R5. Therefore, when R1* 

represents R! and R5' represents R5, the reaction is complete after the coupling step. 

On the other hand, when R1* represents a protected form of R® and/or R5' represents 

a protected form of R5, a subsequent global or sequential deprotection step would yield the 
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non-protected compound. Similarly, when Rl* represents a precursor of R1, a subsequent 

conversion step would yield the desired compound. Reagents and conditions for the 

deprotection vary with the nature of protecting groups in the compound. Typical 

deprotection conditions when R5* represents Cooalkylene-S-P3, include treating the 

5 compound with NaOH in an alcoholic solvent at 0 °C or room temperature to yield the 

non-protected compound. Typical deprotection conditions when Rl* represents C(0)0-P2 

where P2 refers to /-butyl include treating the compound with TFA in DCM at room 

temperature to yield the non-protected compound. Thus, one method of preparing 

compounds of the invention involves coupling compounds (I) and (2), with an optional 

10 deprotection step when Rl* is a protected form of R1 and/or R5* is a protected form of R5, 

thus forming a compound of formula I or a pharmaceutically acceptable salt thereof. 

Examples of compound (1) include: 4,-(5-aminomethyl-2-butyl-4-chloroimidazol-

l-ylmethyl)biphenyl-2-carboxylic acid /-butyl ester; 2-butyl-3-(4-methoxycarbonylbenzyl)-

3H-imidazole-4-carboxylic acid; 4-(5-aminomethyl-2-butyl-imidazol-l-ylmethyl)-2,3-

15 difluorobenzoic acid methyl ester; C-{2-butyl-3-[2,-(lH-tetrazol-5-yl)-biphenyl-4-

ylmethyl]-3H-imidazol-4-yl}methylamine; 4'-(3-aminomethyl-5-propyl[ 1,2,4]triazol-4-

ylmethyl)biphenyl-2-carboxylic acid; 4'-(3-aminomethyl-6-butyl-2-oxo-2H-pyridin-l-

ylmethyl)biphenyl-2-carboxylic acid; 4'-(5-aminomethyl-2-ethoxy-4-ethylimidazol-l-

ylmethyl)biphenyl-2-carboxylic acid /-butyl ester; 4'-(5-aminomethyl-2-ethoxy-4-

20 ethyiimidazoi-l-ylmethyl)-3'-fluorobiphenyl-2-carboxylic acid /-butyl ester; 4'-(5-

aminomethyl-2-propoxy-4-ethylimidazol-l-ylmethyl)-3'-fluorobiphenyl-2-carboxylic acid 

/-butyl ester; and 4'-(5-aminomethyl-4-chloro-2-ethoxyimidazol-l-ylmethyl)~3'-

fluorobiphenyl-2-carboxylic acid /-butyl ester. 

Examples of compound (2) include: (T^-l-benzyl-2-hydroxycarbamoylethyl)-

25 carbamic acid; (7?j-2-((^-2-amino-3-phenylpropyldisulfanyl)-l-benzylethylamine; (S)-2-

acetylsulfanyl-4-methylpentanoic acid; 2-acetylsulfanylmethyl-4-methyl-pentanoic acid 

and (S^-acetylsulfanylmethyM-methylpentanoic acid; and (R)-2-(2-

benzyloxycarbamoyl-3-phenypropionylamino)succinic acid 1-methyl ester. 

Compound (1) 

30 Compound (1) can be prepared by the following reaction: 
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Y^Q V 
HN /=° + ,/(CH2)r K2CO£DMF N.w\ /=° 

W (CH2)„ Ar }CHA (CH2). 
(1a) (1b) Ar (1c) 

NH2OH.HCl/pyridine 

NaBH,CN/NH.OAc Y^Q 
(1) — ^ jf /=N-OH 

TiCi3 i W (CH2)a 

MeOH Ar-^"(CH2)f 

<1d) 

Compounds (la) and (lb) are combined with K2CO3 in a solvent such as DMF to form 

intermediate (Ic), which then undergoes oxime formation by reaction with hydroxylamine 

hydrochloride (NfyOH'HCl) in pyridine to form intermediate (Id). Intermediate (Id) is 

5 reacted with NaBHjCN, NH4OAC, and TiCb, in a solvent such as MeOH, to form 

Compound (1) where A is ~NH(R4a). Compound (I) where A is -COOH can be formed by 

reacting intermediate (lc) with 2-methyl-2-butene, sodium dihydrogen phosphate and 

sodium chlorite. 

Compound (la) 
10 Compound (la) can be readily prepared by techniques that are well known in the art 

and/or is commercially available. Examples of compound (la) include 2-butyl-5-chloro-

3H-imidazole-4-carbaldehyde, 5-bromo-2-butyl-3H-imidazole-4-carbaldehyde, 5-bromo-2-

ethoxy-3H-imidazole-4-carbaldehyde, bromo-2-propoxy-3H-imidazole-4-carbaldehyde, 

and 5-chloro-2-ethoxy-3H-imidazole-4-carbaldehyde, all of which are either commercially 

15 available or are readily synthesized by techniques that are well known in the art. For 

example: 5-bromo-2-butyl-3H-imidazole~4~carbaldehyde can be made reacting 2-butyl-3H-

imidazole-4-carbaldehyde with N-bromosuccinimide in a suitable solvent such as DMF; 5-

bromo-2-ethoxy-3H-imida2:ole-4-carbaldehyde can be prepared by reacting 2,4,5-tribromo-

IH-imidazole with [P-(trimethylsilyl)ethoxy]methyl chloride, followed by reaction with 

20 potassium r-butoxide in ethanol, then «-butyliithium and DMF, with a final deprotection 

step; and 5-chloro-2-ethoxy-3H-imidazole-4-carbaldehyde can be prepared by reacting 4,5-

dibromo-2-ethoxy-l-(2-trimethyisilanylethoxymethyl)-l H-imidazole and hexachloroethane 

then DMF, both steps conducted with «-butyllithium, N^N^N-

tetramethyiethylenediamine, and appropriate solvents, with a final deprotection step. 
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Compound (lb) 
H H L 
I ^ I —^ i 

/(CH2)r ./(CH2)r (CH2)r 
Ar Ar Ar 

(ie) (if) (lb) 

The starting material (le) can be prepared using synthetic methods that are reported 

in the literature, for example Duncia et al. (1991) J. Org. Chem. 56: 2395-400, and 

5 references cited therein. Alternatively, the starting material in a protected form (If) may be 

commercially available. Using a commercially available non-protected starting material 

(le), the R1 group is first protected to form protected intermediate (If), then the leaving 

group (L) is added to form compound (lb), for example, by a haiogenation reaction. For 

example, a bromination reaction of a methyl group of A'-triphenylmethyl-S-l^r-

10 methylbiphenyJ-2-yl]tetrazole is described in Chao et al. (2005) J. Chinese Chem. Soc. 

52:539-544. In addition, when Ar* has a -CN group, it can be subsequently converted to 

the desired tetrazoiyl group, which may be protected. Conversion of the nitrile group is 

readily achieved by reaction with a suitable azide such as sodium azide, trialkyltin azide 

(particularly tributyltin azide) or triaryltin azide. Compound (lb) when Ar has one of the 

15 remaining formulas is readily synthesized using similar techniques or other methods as are 

well known in the art. 

Exemplary methods of preparing compound (lb) include the following. A solution 

of the starting material (le) and thionyl chloride are stirred at room temperature. After 

completion, the reaction is concentrated in vacuo to afford a solid, which is dissolved in a 

20 solvent such as THF and cooled to 0 °C. Potassium f-butoxide is then added. Upon 

completion, the reaction is partitioned between EtOAc and water. The organic layer is 

washed with saturated aqueous NaCl, dried over MgS04, filtered, and concentrated to 

afford compound (If). Alternately, HCl is added to a solution of the starting material (le) 

and a solvent such as methanol. The reaction is heated to reflux and stirred until 

25 completion (~48 hours), then cooled and concentrated. The recovered material is dried in 

vacuo to obtain intermediate (If). Intermediate (if), benzoyl peroxide, and N-

bromosuccinimide are dissolved in CCU or benzene, and heated to reflux. The reaction is 

stirred to completion, cooled to room temperature, filtered, and concentrated in vacuo. The 

resulting residue is crystallized from diethyl ether and hexane or flash chromatographed to 

30 give compound (lb). Examples of compound (1 e) include: 4,-methylbiphenyl-2-

carboxylic acid; 2,3-difluoro-4-methyl-benzoic acid; and 2-fluoro-4-methylbenzoic acid. 
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Examples of compound (If) include iV-triphenylmethyl-5-[4'-methylbipheny!-2" 

yi]tetrazole. 

Compound (lb) where R1 is -SC>2NHRld may be synthesized as follows: 

?r ^ Br o I 
S-NH, | 

O 

5 The starting material, 2-bromobenzene-l -sulfonamide, is commercially available. 

Reaction of 2-bromobenzene-l-sulfonamide in a solvent such as DMF, with 1,1-

dimethoxy-N,N-dimethylmethanamine, followed by the addition of sodium hydrogen 

sulfate in water, yields 2-bromo~N-[l-dimethylaminometh-f£)-

ylidenejbenzenesulfonamide. This compound is reacted with 4-methyiphenyIboronic acid 

.0 to yield 4'-methylbiphenyl-2-sulfonic acid 1-dimethylaminometh-fi^-yiideneamide, then 

the -(CH2)r-L1 moiety is added, for example, by a halogenation reaction., to form compound 
(lb). 

Compound (lb) where the Ar moiety is substituted may be synthesized as follows: 
,Br 

,F 

15 The starting material, 2-bromobenzoic acid, is commercially available. Reaction of 2-

bromobenzoic acid in a suitable solvent, with /-butyl alcohol, DCC and DMAP, yields 2-

bromo-benzoic acid r-butyl ester. This compound is reacted with 3-fluoro-4-

methylphenylboronic acid to yield 3'-f\uoro-4'-methyl-biphenyi~2-carboxylic acid /-butyl 

ester, then the -(CHoVL1 moiety is added, for example, by a halogenation reaction, to form 

20 compound (lb). 

Examples of compound (lb) include 5-(4'-bromomethylbiphenyl-2-yl)-l-trityl-lH-

tetrazole; 4,-bromomethylbiphenyl-2-carboxylic acid /-butyl ester; 4-bromomethylbenzoic 

acid methyl ester; 4-bromomethyl-2,3-difluorobenzoic acid methyl ester; 4-formyl-

biphenyl-2-sulfonic acid /-butylamide; 4'-aminomethyibiphenyl~2-carboxylic acid /-butyl 
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ester; and 4,-bromomethyl-3'-fluorobiphenyl-2-carboxylic acid /-butyl ester. 

Compound (2) 
Compound (2) is readily synthesized by following the techniques described in the 

literature, for example, Neustadt et al (1994) J. Med. Chem. 37:2461-2476 and Moree et al. 

(1995) J. Org. Chem. 60: 5157-69, as well as by using the exemplary procedures described 

below. Examples of Compound (2), depicted without chiraiity, include: 

Since compound (2) has a chiral center, it may be desirable to synthesize a particular 

stereoisomer, and examples are provided as follows. 

Preparation of chiral amino hydroxamate compound 

o f O o R6 o , 

rVSM 
2'0-3 

(2s) 

2'0-3 H 

(2a) 

A base such as DIPEA and a coupling agent such as EDC are added to a solution of 

compound (2a) in DMF containing HOBt and hydroxylamine hydrochloride. The mixture 

is stirred at room temperature until completion (~12 hours), then concentrated in vacuo. 
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The resulting materia! is distributed between 5% THF in EtOAc and 1M phosphoric acid. 

The organic layer is collected and washed with a base such as 1M NaOH. The alkaline 

aqueous layer is then acidified, for example with 1M phosphoric acid, and extracted with 

EtOAc. The organic layer is evaporated and the residue purified by silica ge! 

5 chromatography to afford compound (2!). Examples of compound (2a) include (R)-3-t-

butoxycarbonylamino-4-phenylbutyric acid. 

10 solvent such as THF, cooled in an ice bath. The solution is stirred and compound (2b) and 

thioacetic acid are added. The mixture is stirred at 0 °C for 1 hour, then stirred at room 

temperature until completion (~12 hours). The mixture is stripped, diluted with EtOAc, 

and washed with a cold saturated NaHCOj solution. The organic layer is dried over 

MgS04, and the filtrate evaporated to dryness. The resulting material is flash 

15 chromatographed to provide compound (2c). Compound (2c) is dissolved in solvent, 

followed by the addition of a base such as 1M LiOH. Air is bubbled through the solution 

for 1 hour followed by the addition of solvent. The reaction is stirred at room temperature 

until completion (~24 hours). The solution is then acidified to pH~5, for example with 

acetic acid. The precipitate is filtered and rinsed with deionized water, producing the 

20 compound (2d) dimer. The solid is suspended in MeCN, then concentrated under reduced 

pressure. The recovered material is dissolved in 4M HCl in 1,4-dioxane and stirred at 

room temperature until the reaction is complete (~2 hours). The reaction is then 

concentrated under reduced pressure, and triturated with EtOAc. The product is filtered, 

washed with EtOAc, and dried in vacuo to provide compound (2"). Examples of 

25 compound (2b) include ((R)-1 -benzyl-2-hydroxyethyl)carbamic acid /-butyl ester. 

Preparation of chiral amino sulfhydryi dimer compound (2'') 

(2d) (2") 

Diisopropy! azodicarboxylate is added to a solution of triphenylphosphine in a 

Preparation of chiral sulfanyl acid compound (2"') 
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o 0 "0-V— ™V 
Br K 

(2c) (2iU) 

Compound (2e) is formed by dissolving a compound such as D-ieucine (for R6 = 

isobutyl, for example) in 3M HBr (aqueous) and cooled to 0 °C. A solution of NaNCb in 

water is added, and the reaction stirred at 0 °C until completion (~ 2.5 hours). The reaction 

5 is then extracted with EtOAc, washed with saturated aqueous NaCl, dried over MgS04, 

filtered, and concentrated to afford compound (2e). Compound (2e) is combined with 

potassium thioacetate or sodium thioacetate and DMF, and the reaction stirred at room 

temperature until completion (~ 1 hour). Water is added. The reaction is then extracted 

with EtOAc, washed with saturated aqueous NaCl, dried over MgS04, filtered, and 

10 concentrated to provide compound (2IU). The product is purified by silica gel 

chromatography. Examples of compound (2e) include f£)-2-bromo-4-methylpentanoic 

acid. Examples of compound (2'") include (S*,)-2-acetyisulfanyi-4-methylpentanoic acid. 

Preparation of sulfanyl acid compound (2™) 

s6 
R6 R6 °YV"_°-A -^HO-A—--r^. 

°(20° ° <2S> ° (2h> 0 (2'v) 0 

15 Compound (2f) is mixed with diethylamine and cooled in an ice bath. An aqueous 

formaldehyde solution (37%) is then added, and the mixture stirred at 0 °C for 

approximately 2 hours, warmed to room temperature and stirred overnight. The mixture is 

then extracted with ether, washed, dried, and evaporated to dryness, to provide compound 

(2g). Compound (2g) is then dissolved in 1,4-dioxane, and a 1M NaOH solution is added. 

20 The mixture is stirred at room temperature until completion (approximately 2 days). The 

organic solvent is removed in vacuo, and the aqueous residue is rinsed with EtOAc and 

acidified to approximately pH 1 with concentrated HCl. The product is extracted with 

EtOAc, dried, and evaporated to dryness to yield compound (2h). Compound (2h) is 

combined with thiolacetic acid (10 mL), and the mixture is stirred at 80 °C until 

25 completion (approximately 2 hours), then concentrated to dryness to yield compound (2IV), 

which is dissolved in toluene and concentrated to remove any trace of thiolacetic acid. 

Examples of compound (2f) include 2-benzylmalonic acid monoethyl ester (R6 = benzyl) 

and 2-isobutylmalonic acid monoethyl ester (R6 = isobutyl). 
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Preparation of chiral sulfanyl acid compound (2V) 

Compound (2i), f5^-4-benzyl-2~oxazolidinone, is commercially available. 

Compound (2j) is also typically commercially available or can be readily synthesized. For 

example, R6-CH2-COOH (for example, isocaproic acid or 3-phenylpropionic acid) is 

dissolved in methylene chloride and thionyl chloride is added. The mixture is stirred at 

room temperature until the reaction is complete (for example, overnight), and then 

concentrated to provide (2j). Examples of compound (2j) include 4-methyipentanoyl 

chloride and 3-phenylpropionyl chloride. 

Compound (2i) is dissolved in a suitable solvent and cooled (-78 °C) under 

nitrogen. rt-Butyllithium in hexanes is added dropwise and stirred, followed by the 

addition of (2j) dropwise. The mixture is stirred at -78 °C, then warmed to 0 °C. Saturated 

NaHCCh is added and the mixture warmed to room temperature. The mixture is extracted, 

washed, dried, filtered, and concentrated to afford (2k). Compound (2k) is dissolved in 

DCM and stirred at 0 °C under nitrogen. 1M Titanium tetrachloride is added, followed by 

1,3,5-trioxane, all in appropriate solvents. A second equivalent of IM titanium 

tetrachloride is added and the mixture stirred at 0 °C until the reaction is complete. The 

reaction is then quenched with saturated ammonium chloride. Appropriate solvents are 

added, the aqueous phase is extracted, and the organic layers are combined, dried, filtered, 

and concentrated to provide (21), which can then be purified by silica gel chromatography 

or used in the next step without further purification. Compound (21) is dissolved in a 

solvent, to which is added 9 M hydrogen peroxide in water, followed by the dropwise 

addition of 1.5 M lithium hydroxide monohydrate in water. The mixture is warmed to 
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room temperature and stirred. Optionally, potassium hydroxide may be added and the 

mixture heated at 60 °C then cooled at room temperature. To this is added an aqueous 

solution of sodium sulfite followed by water and chloroform. The aqueous layer is 

extracted, acidified and extracted again. The organic layer is washed, dried, filtered, and 

5 rotovaped to provide (2m). Triphenylphosphine is dissolved in an appropriate solvent and 

cooled at 0 °C (ice bath). Diisopropyl azodicarboxylate is added dropwise and the mixture 

stirred. Compound (2m) and thioacetic acid, dissolved in an appropriate solvent, are added 

dropwise to the mixture. After the addition, the mixture is removed from the ice bath and 

stirred at room temperature until the reaction is complete (approximately 3.5 hours), 

10 concentrated, and then partitioned. The organic layer is extracted and the combined 

aqueous extracts washed, acidified and extracted. The organic layer is washed again, 

dried, filtered, and rotovaped to provide compound (2V). Examples of compound (2V) 

include (S^-2-acetylsuIfanylmethyl-4-methylpentanoic acid. 

Scheme II: Peptide Coupling Reaction 
15 Compounds of formula I can also be prepared by coupling compound (3) and 

compound (1) where A is -COOH, followed by reaction with compound (4). In 

compounds (1) and (3), the sum of a and b is in the range of 0 to 11. In compounds (3) and 

(4), the [R5] and [[R5]] moieties represent portions of the R5 moiety. For example, if R3 is 

-CH2C(0)N(0H)H, then [R5] would be -CH2C(0)- and [[R5]] would be -N(OH)H. 

?RS 

(3) H2N 
NCH2)DR 

(1) ^ (|) 

(4) H [[R j] 

20 Scheme II 

The amide coupling of compounds (1) and (3) is typically conducted at room temperature 

with coupling reagents such as pentafluorophenol combined with EDC and DIPEA in 

solvents such as DMF. Compounds (3) and (4) are available commercially or can be 

readily synthesized by techniques that are well known in the art. Examples of compound 

25 (3) include 3-amino~4-(3-chlorophenyl)butyric acid. Examples of compound (4) include 

H2NOH, H2NO-benzyl, and H2NO-/-butyl. 

Scheme III: Peptide Coupling Reaction 

Compounds of formula I can also be prepared by coupling compounds (1) and (5) 

under conventional amide bond-forming conditions. This synthesis is particularly useful 

OH 
6 
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for preparing compounds of formula I where more than one -CH2- moiety in the alkylene is 

replaced with -NR4a-C(0)- or -C(0)-NR4a-. In the compounds depicted below, b will 

typically be at least 1 and the sum of a, b and c is in the range of I to 10. 

O R5' 
(1) + iL(CH2)-N^/(CH2)rfR6 (I) 

HO if R7 

(5} O 

Scheme ll[ 

Compound (5) is formed by converting the ester compound (6) to the acid with a base, 

converting the acid to the dioxopyrrolidinyl ester with N-hydroxysuccinimide, then 

converting the dioxopyrrolidinyl ester with compound (7) to form compound (5). 

Compound (5) may have one or more R4b substituents on the carbon atoms in the -(CH2)b-

and/or -(CH2)c- portions. 

R5' 

7RE' 
fl R NaOH HO^/(CH2)C-(-R 
O J R7 

(6) O 
N-hydroxysuccinimide 

s-

{5) 

10 'O 
Compound (6) can be readily synthesized by following the techniques described in the 

literature, for example, Fournie-Zaluski et al. (1985) J. Med. Chem. 25(9): 1158-1169). 

Examples of compound (6) include 2-benzyl-N-benzyloxymalonamic acid ethyl ester. 

Compound (7) is available commercially or can be readily synthesized by techniques that 

15 are well known in the art. This reactant is particularly useful where a carbon atom in the 

alkylene moiety in X is substituted with an R4b group. For example, 2-aminosuccinic acid 

1-methyl ester is an example of compound (7) that is useful for preparing compounds 

where R4b is -COOH, where the R4b moiety is in a protected form, -COOMe. 

Scheme IV: Two-Step Reaction 

H n L 

(1) + L-acid / "W X-fCp6 *- (I) 

I • (8) R 
Ar 

Scheme IV 



Compounds of formula I can also be prepared by a two-step method, where the first 

step involves the addition of a halogen-substituted alkanoic acid ("L-acid") such as a-

bromoisocaproic acid to compound (I), to provide Intermediate (8), where L is a leaving 

group such as bromo. intermediate (8) is then reacted with a thiol or sulfur-containing 

nucleophilic reactant that contains the desired R3* group, for example, potassium 

thioacetate or thiourea. 

if desired, pharmaceutically acceptable salts of the compounds of formula I can be 

prepared by contacting the free acid or base form of a compound of formula I with a 

pharmaceutically acceptable base or acid. 

Scheme V: Pro-drug Synthesis 
Prodrugs can be readily synthesized using the techniques described above. In 

addition, prodrugs can be formed by further modifying active compounds of formula I 

where Ar**-COOH represents Ar-R® and R5 is -Co^alkylene-SH, as shown below: 

Ar 

^ Y^Q 7 I^W^-X-AR' 

Ar 
ICH2), W 0i v° 

A SH room ^jf S + ? A r 
0H active compound tempefBtUre ' 0 <CH^\ <CH/ 

of formula (I) prodrug A R6—4— 
R7 Tl I 

prodrug C 

15 Thus, both prodrug A and prodrug C can be readily synthesized from the corresponding 

active prodrug. 

Certain intermediates described herein are believed to be novel and accordingly, 

such compounds are provided as further aspects of the invention including, for example, 

the compounds of formulas VIII, IX and X, and salts thereof: 

Y^Q 

AA-A, Ar* (CH2)r ~TTR 

20 R (VIII) 

Where Ar* is Ar-R1*; Ar, r, Y, Z, Q, W, X, and R5'7 are as defined for formula I; and R1* 

is selected from -C(0)0-P2, -S020-P5, -S02NH-P6, -P(0)(0-P7)2, -0CH(CH3)-C(0)0-P2, 

-0CH(aryl)-C(0)0-P2, and tetrazol-5-yl-P4; where P2 is a carboxy-protecting group, P4 is a 
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ietrazole-protecting group, Ps is a hydroxyl-protecting group, P6 is a sulfonamide-

protecting group, and P7 is a phosphate-protecting group; 

Where Ar, r, Y, Z, Q, W, X, and R6"7 are as defined for formula I; R3 is selected from 

5 -Co-3alkylene-S-P3, -C0-3alkyiene-C(O)NH(O-P5), -C0-3alkylene-N(O-P5)-C(O)RSd, 

-Co-ialkylene-NHC(0)CH2S-P3,-NH-Co-ialkyiene-P(0)(0-P7)2, 

-C0-3alkylene-P(O)(O-P7)-R5c, -Co-2alkyiene-CHR5f-C(0)0-P2 and 
-Co-3alkylene-C(0)NR58-CHR5h-C(0)0-P2; and Rsd"h are as defined for formula I; where P2 

is a carboxy-protecting group, PJ is a thiol-protecting group, P5 is a hydroxyl-protecting 

10 group, and P7 is a phosphate-protecting group; and 

Where Ar* is Ar-R1*; Ar, r, Y, Z, Q, W, X, and R6"7 are as defined for formula I; R1* is 

selected from -C(0)0-P2, -S020-P5, -S02NH-P6, -P(0)(0-P7)2, -0CH(CH3)-C(0)0-P2, 

-0CH(aryl)-C(0)0-P2, and tetrazol-5-yl-P4; R5* is selected from is selected from 

15 -Co-jalkyiene-S-P3, -C0-3alkyleiie-C(O)NH(O-P5)> -C0-3alkylene-N(O-P5)-C(O)R5d, 

-C0-ialkyiene-NHC(O)CH2S-P3,-NH-Co.ialkylene-P(0)(0-P7)2> 

-C0-3alkylene-P(O)(O-P7)-R5e, -Co-2alkylene-CHRsf-C(0)0-P2 and 

-C0-3alkylene-C(O)NR58-CHR5h-C(O)O-P2;and R5d"h are as defined for formula I; where P2 

is a carboxy-protecting group, P3 is a thiol-protecting group, P4 is a tetrazole-protecting 

20 group, P5 is a hydroxyl-protecting group, P6 is a sulfonamide-protecting group, and P7 is a 

phosphate-protecting group. Thus, another method of preparing compounds of the 

invention involves deprotecting a compound of formula VIII, IX, or X. 

Further details regarding specific reaction conditions and other procedures for 

preparing representative compounds of the invention or intermediates thereof are described 

25 in the Examples set forth below. 

Compounds of the invention possess angiotensin II type 1 (ATj) receptor antagonist 

activity. In one embodiment, compounds of the invention are selective for inhibition of the 

UTILITY 

-63-



ATi receptor over the AT2 receptor. Compounds of the invention also possess neprilysin 

(NEP) inhibition activity, that is, the compounds are able to inhibit enzyme-substrate 

activity, in another embodiment, the compounds do not exhibit significant inhibitory 

activity of the angiotensin-converting enzyme. Compounds of formula I may be active 

5 drugs as well as prodrugs. Thus, when discussing the activity of compounds of the 

invention, it is understood that any such prodrugs have the expected activity once 

metabolized. 

One measure of the affinity of a compound for the AT 1 receptor is the inhibitory 

constant (Kj) for binding to the AT i receptor. The pKLj value is the negative logarithm to 

10 base 10 of the K;. One measure of the ability of a compound to inhibit NEP activity is the 

inhibitory concentration (IC50), which is the concentration of compound that results in half-

maximal inhibition of substrate conversion by the NEP enzyme. The pICso value is the 

negative logarithm to base 10 of the IC50. Compounds of formula I and pharmaceutically 

acceptable salts thereof that have both ATi receptor-antagonizing activity and NEP 

15 enzyme-inhibiting activity are of particular interest, including those that exhibit a pKj at the 

AT 1 receptor greater than or equal to about 5.0, and exhibit a pICso for NEP greater than or 

equal to about 5.0. 

In one embodiment, compounds of interest have a pK; at the AT 1 receptor > about . 

6.0, a pKj at the ATi receptor > about 7.0, or a pKj at the ATi receptor > about 8.0. 

20 Compounds of interest also include those having a pICso for NEP > about 6.0 or a pICso for 

NEP > about 7.0. In another embodiment, compounds of interest have a pKj at the AT 1 

receptor within the range of about 8.0-10.0 and a pICso for NEP within the range of about 

7.0-10.0. 

In another embodiment, compounds of particular interest have a pKj for binding to 

25 an ATi receptor greater than or equal to about 7.5 and a NEP enzyme pICso greater than or 

equal to about 7.0. In another embodiment, compounds of interest have a pKj greater than 

or equal to about 8.0 and a pICso greater than or equal to about 8.0. 

It is noted that in some cases, compounds of the invention, while still having dual 

activity, may possess either weak AT 1 receptor antagonist activity or weak NEP inhibition 

30 activity. In such cases, those of skill in the art will recognize that these compounds still 

have utility as primarily either a NEP inhibitor or a ATj receptor antagonist, respectively, 

or have utility as research tools. 

Exemplary assays to determine properties of compounds of the invention, such as 
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the ATi receptor binding and/or NEP inhibiting activity, are described in the Examples and 

include by way of illustration and not limitation, assays that measure ATi and AT2 binding 

(described in Assay I), and NEP inhibition (described in Assay 2). Useful secondary 

assays include assays to measure ACE inhibition (also described in Assay 2) and 

5 aminopeptidase P (APP) inhibition (described in Sulpizio et al. (2005) JPET 315:1306-

1313). A pharmacodynamic assay to assess the in vivo inhibitory potencies for ACE, ATj, 

and NEP in anesthetized rats is described in Assay 3 (see also Seymour et al. Hypertension 

7(Suppl I):l-35-l-42, 1985 and Wigle et al. Can. J. Physiol. Pharmacol 70:1525-1528, 

1992), where AT( inhibition is measured as the percent inhibition of the angiotensin II 

10 pressor response, ACE inhibition is measured as the percent inhibition of the angiotensin I 

pressor response, and NEP inhibition is measured as increased urinary cyclic guanosine 3', 

S'-monophosphate (cGMP) output. Useful in vivo assays include the conscious 

spontaneously hypertensive rat (SHR) model, which is a renin dependent hypertension 

model useful for measuring ATj receptor blocking (described in Assay 4; see also Intengan 

15 et al. (1999) Circulation 100(22):2267-2275 and Badyal et al. (2003) Indian Journal of 

Pharmacology 35:349-362), and the conscious desoxycorticosterone acetate-salt (DOCA-

salt) rat model, which is a volume dependent hypertension model useful for measuring 

NEP activity (described in Assay 5; see also Trapani et al. (1989) J. Cardiovasc. 

Pharmacol. 14:419-424, Intengan et al. (1999) Hypertension 34(4):907-913, and Badyal et 

20 al. (2003) supra). Both the SHR and DOCA-sait models are useful for evaluating the 

ability of a test compound to reduce blood pressure. The DOCA-salt model is also useful 

to measure a test compound's ability to prevent or deiay a rise in biood pressure. 

Compounds of the invention are expected to antagonize the ATi receptor and/or inhibit the 

NEP enzyme in any of the assays listed above, or assays of a similar nature. Thus, the 

25 aforementioned assays are useful in determining the therapeutic utility of compounds of the 

invention, for example, their utility as antihypertensive agents. Other properties and 

utilities of compounds of the invention can be demonstrated using other in vitro and in vivo 
assays well-known to those skilled in the art. 

Compounds of the invention are expected to be useful for the treatment and/or 

30 prevention of medical conditions responsive to AT 1 receptor antagonism and/or NEP 

inhibition. Thus it is expected that patients suffering from a disease or disorder that is 

treated by antagonizing the ATj receptor and/or by inhibiting the NEP enzyme can be 

treated by administering a therapeutically effective amount of a compound of the 



invention. For example, by antagonizing the AT] receptor and thus interfering with the 

action of angiotensin II on its receptors, these compounds are expected to find utility in 

preventing the increase in blood pressure produced by angiotensin II, a potent vasopressor. 

In addition, by inhibiting NEP, the compounds are also expected to potentiate the 

5 biological effects of endogenous peptides that are metabolized by NEP, such as the 

natriuretic peptides, bombesin, bradykinins, calcitonin, endothelins, enkephalins, 

neurotensin, substance P and vasoactive intestinal peptide. For example, by potentiating 

the effects of the natriuretic peptides, compounds of the invention are expected to be useful 

to treat glaucoma. These compounds are also expected to have other physiological actions, 

10 for example, on the renal, central nervous, reproductive and gastrointestinal systems. 

Compounds of the invention are expected to find utility in treating and/or 

preventing medical conditions such as cardiovascular and renal diseases. Cardiovascular 

diseases of particular interest include heart failure such as congestive heart failure, acute 

heart failure, chronic heart failure, and acute and chronic decompensated heart failure. 

15 Renal diseases of particular interest include diabetic nephropathy and chronic kidney 

disease. One embodiment of the invention is directed to a method for treating 

hypertension, comprising administering to a patient a therapeutically effective amount of a 

compound of the invention. Typically, the therapeutically effective amount is the amount 

that is sufficient to lower the patient's blood pressure. In one embodiment, the compound 

20 is administered as an oral dosage form. 

Another embodiment of the invention is directed to a method for treating heart 

failure, comprising administering to a patient a therapeutically effective amount of a 

compound of the invention. Typically, the therapeutically effective amount is the amount 

that is sufficient to lower blood pressure and/or improve renal functions. In one 

25 embodiment, the compound is administered as an intravenous dosage form. When used to 

treat heart failure, the compound may be administered in combination with other 

therapeutic agents such as diuretics, natriuretic peptides, and adenosine receptor 

antagonists. 

Compounds of the invention are aiso expected to be usefui in preventative therapy, 

30 for example in preventing the progression of cardiac insufficiency after myocardial 

infarction, preventing arterial restenosis after angioplasty, preventing thickening of blood 

vessel walls after vascular operations, preventing atherosclerosis, and preventing diabetic 

angiopathy. 



In addition, as NEP inhibitors, compounds of the invention are expected to inhibit 

enkephalinase, which will inhibit the degradation of endogenous enkephalins and thus such 

compounds may also find utility as analgesics. Due to their NEP inhibition properties, 

compounds of the invention are also expected to be useful as antitussive agents and 

5 antidiarrheal agents (for example, for the treatment of watery diarrhea), as well as find 

utility in the treatment of menstrual disorders, preterm labor, pre-eclampsia, endometriosis, 

reproductive disorders (for example, male and female infertility, polycystic ovarian 

syndrome, implantation failure), and male and female sexual dysfunction, including male 

erectile dysfunction and female sexual arousal disorder. More specifically, the compounds 

10 of the invention are expected to be useful in treating female sexual dysfunction, which is 

often defined as a female patient's difficulty or inability to find satisfaction in sexual 

expression. This covers a variety of diverse female sexual disorders including, by way of 

illustration and not limitation, hypoactive sexual desire disorder, sexual arousal disorder, 

orgasmic disorder and sexual pain disorder. When used to treat such disorders, especially 

15 female sexual dysfunction, compounds of the invention may be combined with one or more 

of the following secondary agents: PDE5 inhibitors, dopamine agonists, estrogen receptor 

agonists and/or antagonists, androgens, and estrogens. 

The amount of the compound of the invention administered per dose or the total 

amount administered per day may be predetermined or it may be determined on an 

20 individual patient basis by taking into consideration numerous factors, including the nature 

and severity of the patient's condition, the condition being treated, the age, weight, and 

general health of the patient, the tolerance of the patient to the active agent, the route of 

administration, pharmacological considerations such as the activity, efficacy, 

pharmacokinetics and toxicology profiles of the compound and any secondary agents being 

25 administered, and the like. Treatment of a patient suffering from a disease or medical 

condition (such as hypertension) can begin with a predetermined dosage or a dosage 

determined by the treating physician, and will continue for a period of time necessary to 

prevent, ameliorate, suppress, or alleviate the symptoms of the disease or medical 

condition. Patients undergoing such treatment will typically be monitored on a routine 

30 basis to determine the effectiveness of therapy. For example, in treating hypertension, 

blood pressure measurements may be used to determine the effectiveness of treatment. 

Similar indicators for other diseases and conditions described herein, are well known and 

are readily available to the treating physician. Continuous monitoring by the physician will 
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insure that the optimal amount of the compound of the invention will be administered at 

any given time, as well as facilitating the determination of the duration of treatment. This 

is of particular value when secondary agents are also being administered, as their selection, 

dosage, and duration of therapy may also require adjustment. In this way, the treatment 

5 regimen and dosing schedule can be adjusted over the course of therapy so that the lowest 

amount of active agent that exhibits the desired effectiveness is administered and, further, 

that administration is continued only so long as is necessary to successfully treat the 

disease or medical condition. 

Since compounds of the invention possess AT i receptor antagonist activity and/or 

10 NEP enzyme inhibition activity, such compounds are also useful as research tools for 

investigating or studying biological systems or samples having ATi receptors or a NEP 

enzyme, for example to study diseases where the AT i receptor or NEP enzyme plays a 

role. Any suitable biological system or sample having ATt receptors and/or a NEP enzyme 

may be employed in such studies which may be conducted either in vitro or in vivo. 

15 Representative biological systems or samples suitable for such studies include, but are not 

limited to, cells, cellular extracts, plasma membranes, tissue samples, isolated organs, 

mammals (such as mice, rats, guinea pigs, rabbits, dogs, pigs, humans, and so forth), and 

the like, with mammals being of particular interest. In one particular embodiment of the 

invention an ATi receptor in a mammal is antagonized by administering an ATr 

20 antagonizing amount of a compound of the invention. In another particular embodiment, 

NEP enzyme activity in a mammal is inhibited by administering a NEP-inhibiting amount 

of a compound of the invention. Compounds of the invention can also be used as research 

tools by conducting biological assays using such compounds. 

When used as a research tool, a biological system or sample comprising an ATi 

25 receptor and/or a NEP enzyme is typically contacted with an ATi receptor-antagonizing or 

NEP enzyme-inhibiting amount of a compound of the invention. After the biological 

system or sample is exposed to the compound, the effects of antagonizing the ATi receptor 

and/or inhibiting the NEP enzyme are determined using conventional procedures and 

equipment, such as by measuring receptor binding in a binding assay or measuring ligand-

30 mediated changes in a functional assay. Exposure encompasses contacting cells or tissue 

with the compound, administering the compound to a mammal, for example by i.p., i. v. or 

s.c. administration, and so forth. This determining step can involve measuring a response 

(a quantitative analysis) or can involve making an observation (a qualitative analysis). 
-68-



Measuring a response involves, for example, determining the effects of the compound on 

the biological system or sample using conventional procedures and equipment, such as 

radioligand binding assays and measuring ligand-mediated changes in functional assays. 

The assay results can be used to determine the activity level as well as the amount of 

5 compound necessary to achieve the desired result, that is, an ATi receptor-antagonizing 

and/or a NEP enzyme-inhibiting amount. Typically, the determining step will involve 

determining the ATi receptor ligand-mediated effects and/or determining the effects of 

inhibiting the NEP enzyme. 

Additionally, compounds of the invention can be used as research tools for 

10 evaluating other chemical compounds, and thus are also useful in screening assays to 

discover, for example, new compounds having ATi receptor-antagonizing activity and/or 

NEP-inhibiting activity. In this manner, a compound of the invention is used as a standard 

in. an assay to allow comparison of the results obtained with a test compound and with 

compounds of the invention to identify those test compounds that have about equal or 

15 superior activity, if any. For example, Kj data (as determined, for example, by a binding 

assay) for a test compound or a group of test compounds is compared to the K; data for a 

compound of the invention to identify those test compounds that have the desired 

properties, for example, test compounds having a Kj value about equal or superior to a 

compound of the invention, if any. This aspect of the invention includes, as separate 

20 embodiments, both the generation of comparison data (using the appropriate assays) and 

the analysis of test data to identify test compounds of interest. Thus, a test compound can 

be evaluated in a biological assay, by a method comprising the steps of: (a) conducting a 

biological assay with a test compound to provide a first assay value; (b) conducting the 

biological assay with a compound of the invention to provide a second assay value; 

25 wherein step (a) is conducted either before, after or concurrently with step (b); and (c) 

comparing the first assay value from step (a) with the second assay value from step (b). 

Exemplary biological assays include an ATi receptor binding assay and a NEP enzyme 

inhibition assay. 

PHARMACEUTICAL COMPOSITIONS AND FORMULATIONS 

30 Compounds of the invention are typically administered to a patient in the form of a 

pharmaceutical composition or formulation. Such pharmaceutical compositions may be 

administered to the patient by any acceptable route of administration including, but not 

limited to, oral, rectal, vaginal, nasal, inhaled, topical (including transdermal), ocular, and 
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parenteral modes of administration. Further, the compounds of the invention may be 

administered, for example orally, in multiple doses per day (for example, two, three, or 

four times daily), in a single daily dose or a single weekly dose. It will be understood that 

any form of the compounds of the invention, (that is, free base, free acid, pharmaceutically 

5 acceptable salt, solvate, etc.) that is suitable for the particular mode of administration can 

be used in the pharmaceutical compositions discussed herein. 

Accordingly, in one embodiment, the invention is directed to a pharmaceutical 

composition comprising a pharmaceutically acceptable carrier and a compound of the 

invention. The compositions may contain other therapeutic and/or formulating agents if 

10 desired. When discussing compositions, the "compound of the invention" may also be 

referred to herein as the "active agent, " to distinguish it from other components of the 

formulation, such as the carrier. Thus, it is understood that the term "active agent" 

includes compounds of formula I as well as pharmaceutically acceptable salts, solvates and 

prodrugs of that compound. 

15 The pharmaceutical compositions of the invention typically contain a 

therapeutically effective amount of a compound of the invention. Those skilled in the art 

will recognize, however, that a pharmaceutical composition may contain more than a 

therapeutically effective amount, such as in bulk compositions, or less than a 

therapeutically effective amount, that is, individual unit doses designed for multiple 

20 administration to achieve a therapeutically effective amount. Typically, the composition 

will contain from about 0.01-95 wt% of active agent, including, from about 0.01-30 wt%, 

such as from about 0.01- 10 wt%, with the actual amount depending upon the formulation 

itself, the route of administration, the frequency of dosing, and so forth. In one 

embodiment, a composition suitable for an oral dosage form, for example, may contain 

25 about 5-70 wt%, or from about 10-60 wt% of active agent. 

Any conventional carrier or excipient may be used in the pharmaceutical 

compositions of the invention. The choice of a particular carrier or excipient, or 

combinations of carriers or excipients, will depend on the mode of administration being 

used to treat a particular patient or type of medical condition or disease state. In this 

30 regard, the preparation of a suitable composition for a particular mode of administration is 

well within the scope of those skilled in the pharmaceutical arts. Additionally, carriers or 

excipients used in such compositions are commercially available. By way of further 

illustration, conventional formulation techniques are described in Remington: The Science 
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and Practice of Pharmacy, 20th Edition, Lippincott Williams & White, Baltimore, 

Maryland (2000); and H. C. Ansel et al., Pharmaceutical Dosage Forms and Drug 

Delivery Systems, 7th Edition, Lippincott Williams & White, Baltimore, Maryland (1999). 

Representative examples of materials which can serve as pharmaceutically 

5 acceptable carriers include, but are not limited to, the following: sugars, such as lactose, 

glucose and sucrose; starches, such as corn starch and potato starch; cellulose, such as 

macrocrystalline cellulose, and its derivatives, such as sodium carboxy me thy I cellulose, 

ethyl cellulose and cellulose acetate; powdered tragacanth; malt; gelatin; talc; excipients, 

such as cocoa butter and suppository waxes; oils, such as peanut oil, cottonseed oil, 

10 safflower oil, sesame oil, olive oil, corn oil and soybean oil; glycols, such as propylene 

glycol; polyols, such as glycerin, sorbitol, mannitol and polyethylene glycol; esters, such as 

ethyl oleate and ethyl laurate; agar; buffering agents, such as magnesium hydroxide and 

aluminum hydroxide; alginic acid; pyrogen-free water; isotonic saline; Ringer's solution; 

ethyl alcohol; phosphate buffer solutions; compressed propellant gases, such as 

15 chlorofluorocarbons and hydrofluorocarbons; and other non-toxic compatible substances 

employed in pharmaceutical compositions. 

Pharmaceutical compositions are typically prepared by thoroughly and intimately 

mixing or blending the active agent with a pharmaceutically acceptable carrier and one or 

more optional ingredients. The resulting uniformly blended mixture may then be shaped or 

20 loaded into tablets, capsules, pills, canisters, cartridges, dispensers and the like using 

conventional procedures and equipment. 

In formulations where the compound of the invention contains a thiol group, 

additional consideration may be given to minimize or eliminate oxidation of the thiol to 

form a disulfide. In solid formulations, this may be accomplished by reducing the drying 

25 time, decreasing the moisture content of the formulation, and including materials such as 

ascorbic acid, sodium ascorbate, sodium sulfite and sodium bisulfite, as well as materials 

such as a mixture of lactose and microcrystaliine cellulose. In liquid formulations, stability 

of the thiol may be improved by the addition of amino acids, antioxidants, or a 

combination of disodium edetate and ascorbic acid. 

30 In one embodiment, the pharmaceutical compositions are suitable for oral 

administration. Suitable compositions for oral administration may be in the form of 

capsules, tablets, pills, lozenges, cachets, dragees, powders, granules; solutions or 

suspensions in an aqueous or non-aqueous liquid; oil-in-water or water-in-oil liquid 
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emulsions; elixirs or syrups; and the like; each containing a predetermined amount of the 

active agent. 

When intended for oral administration in a solid dosage form (capsules, tablets, 

pills and the like), the composition will typically comprise the active agent and one or more 

5 pharmaceutically acceptable carriers, such as sodium citrate or dicalcium phosphate. Solid 

dosage forms may also comprise: fillers or extenders, such as starches, microcrystaliine 

cellulose, lactose, sucrose, glucose, mannitol, and/or silicic acid; binders, such as 

carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia; 

humectants, such as glycerol; disintegrating agents, such as agar-agar, calcium carbonate, 

10 potato or tapioca starch, alginic acid, certain silicates, and/or sodium carbonate; solution 

retarding agents, such as paraffin; absorption accelerators, such as quaternary ammonium 

compounds; wetting agents, such as cetyl alcohol and/or glycerol monostearate; 

absorbents, such as kaolin and/or bentonite clay; lubricants, such as talc, calcium stearate, 

magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate, and/or mixtures 

15 thereof; coloring agents; and buffering agents. 

Release agents, wetting agents, coating agents, sweetening, flavoring and 

perfuming agents, preservatives and antioxidants may also be present in the pharmaceutical 

compositions. Exemplary coating agents for tablets, capsules, pills and like, include those 

used for enteric coatings, such as cellulose acetate phthalate, polyvinyl acetate phthalate, 

20 hydroxypropyl methylcellulose phthalate, methacrylic acid-methacrylic acid ester 

. copolymers, cellulose acetate trimellitate, carboxymethyl ethyl cellulose, hydroxypropyl 

methyl cellulose acetate succinate, and the like. Examples of pharmaceutically acceptable 

antioxidants include: water-soluble antioxidants, such as ascorbic acid, cysteine 

hydrochloride, sodium bisuifate, sodium metabisulfate sodium sulfite and the like; oil-

25 soluble antioxidants, such as ascorbyl palmitate, butylated hydroxyanisole, butylated 

hydroxytoluene, lecithin, propyl gallate, alpha-tocopheroL and the like; and metal-

chelating agents, such as citric acid, ethylenediamine tetraacetic acid, sorbitol, tartaric acid, 

phosphoric acid, and the like. 

Compositions may also be formulated to provide slow or controlled release of the 

30 active agent using, by way of example, hydroxypropyl methyl cellulose in varying 

proportions or other polymer matrices, liposomes and/or microspheres. In addition, the 

pharmaceutical compositions of the invention may contain opacifying agents and may be 

formulated so that they release the active agent only, or preferentially, in a certain portion 
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of the gastrointestinal tract, optionally, in a delayed manner. Examples of embedding 

compositions which can be used include polymeric substances and waxes. The active 

agent can also be in micro-encapsulated form, optionally with one or more of the above-

described excipients. 

5 Suitable liquid dosage forms for oral administration include, by way of illustration, 

pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions, syrups 

and elixirs. Liquid dosage forms typically comprise the active agent and an inert diluent, 

such as, for example, water or other solvents, solubilizing agents and emulsifiers, such as 

ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl 

10 benzoate, propylene glycol, 1,3-butylene glycol, oils (for example, cottonseed, groundnut, 

corn, germ, olive, castor and sesame oils), glycerol, tetrahydrofuryl alcohol, polyethylene 

glycols and fatty acid esters of sorbitan, and mixtures thereof. Suspensions may contain 

suspending agents such as, for example, ethoxylated isostearyl alcohols, polyoxyethylene 

sorbitol and sorbitan esters, microcrystalline cellulose, aluminium metahydroxide, 

15 bentonite, agar-agar and tragacanth, and mixtures thereof. 

When intended for oral administration, the pharmaceutical compositions of the 

invention may be packaged in a unit dosage form. The term "unit dosage form" refers to a 

physically discrete unit suitable for dosing a patient, that is, each unit containing a 

predetermined quantity of the active agent calculated to produce the desired therapeutic 

20 effect either alone or in combination with one or more additional units. For example, such 

unit dosage forms may be capsules, tablets, pills, and the like. 

In another embodiment, the compositions of the invention are suitable for inhaled 

administration, and will typically be in the form of an aerosol or a powder. Such 

compositions are generally administered using well-known delivery devices, such as a 

25 nebulizer, dry powder, or metered-dose inhaler. Nebulizer devices produce a stream of 

high velocity air that causes the composition to spray as a mist that is carried into a 

patient's respiratory tract. An exemplary nebulizer formulation comprises the active agent 

dissolved in a carrier to form a solution, or micronized and combined with a carrier to form 

a suspension of micronized particles of respirable size. Dry powder inhalers administer the 

30 active agent as a free-flowing powder that is dispersed in a patient's air-stream during 

inspiration. An exemplary dry powder formulation comprises the active agent dry-blended 

with an excipient such as lactose, starch, mannitol, dextrose, polylactic acid, polylactide-

co-glycolide, and combinations thereof. Metered-dose inhalers discharge a measured 
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amount of the active agent using compressed propeilant gas. An exemplary metered-dose 

formulation comprises a solution or suspension of the active agent in a liquefied propeilant, 

such as a chlorofluorocarbon or hydrofluoroalkane. Optional components of such 

formulations include co-solvents, such as ethanol or pentane, and surfactants, such as 

5 sorbitan trioleate, oleic acid, lecithin, glycerin, and sodium lauryl sulfate. Such 

compositions are typically prepared by adding chilled or pressurized hydrofluoroalkane to 

a suitable container containing the active agent, ethanol (if present) and the surfactant (if 

present). To prepare a suspension, the active agent is micronized and then combined with 

the propeilant. Alternatively, a suspension formulation can be prepared by spray drying a 

10 coating of surfactant on micronized particles of the active agent. The formulation is then 

loaded into an aerosol canister, which forms a portion of the inhaler. 

Compounds of the invention can also be administered parenterally (for example, by 

subcutaneous, intravenous, intramuscular, or intraperitoneal injection). For such 

administration, the active agent is provided in a sterile solution, suspension, or emulsion. 

15 Exemplary solvents for preparing such formulations include water, saline, low molecular 

weight alcohols such as propylene glycol, polyethylene glycol, oils, gelatin, fatty acid 

esters such as ethyl oieate, and the like. Parenteral formulations may also contain one or 

more anti-oxidants, solubilizers, stabilizers, preservatives, wetting agents, emulsifiers, and 

dispersing agents. Surfactants, additional stabilizing agents or pH-adjusting agents (acids, 

20 bases or buffers) and anti-oxidants are particularly useful to provide stability to the 

formulation, for example, to minimize or avoid hydrolysis of ester and amide linkages, or 

dimerization of thiols that may be present in the compound. These formulations may be 

rendered sterile by use of a sterile injectable medium, a sterilizing agent, filtration, 

irradiation, or heat. In one particular embodiment, the parenteral formulation comprises an 

25 aqueous cyclodextrin solution as the pharmaceutically acceptable carrier. Suitable 

cyclodextrins include cyclic molecules containing six or more a-D-glucopyranose units 

linked at the 1,4 positions by a linkages as in amylase, p-cyclodextrin or 

cycloheptaamylose. Exemplary cyclodextrins include cyclodextrin derivatives such as 

hydroxypropyl and sulfobutyl ether cyclodextrins such as hydroxypropyl-P-cyclodextrin 

30 and sulfobutyl ether p-cyclodextrin. Exemplary buffers for such formulations include 

carboxylic acid-based buffers such as citrate, lactate and maleate buffer solutions. 

Compounds of the invention can also be administered transdermally using known 

transdermal delivery systems and excipients. For example, the compound can be admixed 



with permeation enhancers, such as propylene glycol, polyethylene glycol monolaurate, 

azacycloaikan-2-ones and the like, and incorporated into a patch or similar delivery system. 

Additional excipients including gelling agents, emulsifiers and buffers, may be used in 

such transdermal compositions if desired. 

5 If desired, the compounds of the invention may be administered in combination 

with one or more other therapeutic agents. Thus, in one embodiment, pharmaceutical 

compositions of the invention contain other drugs that are co-administered with a 

compound of the invention. For example, the composition may further comprise one or 

more drugs (also referred to as "secondary agents(s)") selected from the group of diuretics, 

10 Pi adrenergic receptor blockers, calcium channel blockers, angiotensin-converting enzyme 

inhibitors, ATt receptor antagonists, neprilysin inhibitors, non-steroidal anti-inflammatory 

agents, prostaglandins, anti-lipid agents, anti-diabetic agents, anti-thrombotic agents, renin 

inhibitors, endothelin receptor antagonists, endothelin converting enzyme inhibitors, 

aldosterone antagonists, angiotensin-converting enzyme/neprilysin inhibitors, and 

15 combinations thereof. Such therapeutic agents are well known in the art, and examples are 

described below. By combining a compound of the invention with a secondary agent, 

triple therapy can be achieved; ATi receptor antagonist activity, NEP inhibition activity, 

and activity associated with the secondary agent (for example, p i adrenergic receptor 

blocker) can be achieved using only two active components. Since compositions 

20 containing two active components are typically easier to formulate than compositions 

containing three active components, such two-component compositions provide a 

significant advantage over compositions containing three active components. Accordingly, 

in yet another aspect of the invention, a pharmaceutical composition comprises a 

compound of the invention, a second active agent, and a pharmaceutically acceptable 

25 carrier. Third, fourth etc. active agents may also be included in the composition. In 

combination therapy, the amount of compound of the invention that is administered, as 

well as the amount of secondary agents, may be less than the amount typically 

administered in monotherapy. 

Compounds of the invention may be physically mixed with the second active 

30 agent to form a composition containing both agents; or each agent may be present in 

separate and distinct compositions which are administered to the patient simultaneously or 

at separate times. For example, a compound of the invention can be combined with a 

second active agent using conventional procedures and equipment to form a combination 
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of active agents comprising a compound of the invention and a second active agent. 

Additionally, the active agents may be combined with a pharmaceutically acceptable 

carrier to form a pharmaceutical composition comprising a compound of the invention, a 

second active agent and a pharmaceutically acceptable carrier. In this embodiment, the 

5 components of the composition are typically mixed or blended to create a physical mixture. 

The physical mixture is then administered in a therapeutically effective amount using any 

of the routes described herein. 

Alternatively, the active agents may remain separate and distinct before 

administration to the patient. In this embodiment, the agents are not physically mixed 

10 together before administration but are administered simultaneously or at separate times as 

separate compositions. Such compositions can be packaged separately or may be packaged 

together in a kit. When administered at separate times, the secondary agent will typically 

be administered less than 24 hours after administration of the compound of the invention, 

ranging anywhere from concurrent with administration of the compound of the invention to 

15 about 24 hours post-dose. This is also referred to as sequential administration. Thus, a 

compound of the invention can be orally administered simultaneously or sequentially with 

another active agent using two tablets, with one tablet for each active agent, where 

sequential may mean being administered immediately after administration of the 

compound of the invention or at some predetermined time later (for example, one hour 

20 later or three hours later). Alternatively, the combination may be administered by different 

routes of administration, that is, one orally and the other by inhalation. 

In one embodiment, the kit comprises a first dosage form comprising a compound 

of the invention and at least one additional dosage form comprising one or more of the 

secondary agents set forth herein, in quantities sufficient to carry out the methods of the 

25 invention. The first dosage form and the second (or third, etc,) dosage form together 

comprise a therapeutically effective amount of active agents for the treatment or prevention 

of a disease or medical condition in a patient. 

Secondary agent(s), when included, are present in a therapeutically effective 

amount such that they are typically administered in an amount that produces a 

30 therapeutically beneficial effect when co-administered with a compound of the invention. 

The secondary agent can be in the form of a pharmaceutically acceptable salt, solvate, 

optically pure stereoisomer, and so forth. The secondary agent may also be in the form of 

a prodrug, for example, a compound having a carboxylic acid group that has been 



esterified. Thus, secondary agents listed below are intended to include ail such forms, and 

are commercially available or can be prepared using conventional procedures and reagents. 

In one embodiment, a compound of the invention is administered in combination 

with a diuretic. Representative diuretics include, but are not limited to: carbonic anhydrase 

5 inhibitors such as acetazolamide and dichlorphenamide; loop diuretics, which include 

sulfonamide derivatives such as acetazolamide, ambuside, azosernide, bumetanide, 

butazolamide, chloraminophenamide, clofenamide, clopamide, clorexolone, disulfamide, 

ethoxolamide, furosemide, mefruside, methazolamide, piretanide, torsemide, tripamide, 

and xipamide, as well as non-sulfonamide diuretics such as ethacrynic acid and other 

10 phenoxyacetic acid compounds such as tienilic acid, indacrinone and quincarbate; osmotic 

diuretics such as mannitol; potassium-sparing diuretics, which include aldosterone 

antagonists such as spironolactone, and Na+ channel inhibitors such as amiloride and 

triamterene; thiazide and thiazide-like diuretics such as al thiazide, bendroflumethiazide, 

benzylhydrochlorothiazide, benzthiazide, buthiazide, chlorthalidone, chlorothiazide, 

15 cyclopenthiazide, cyclothiazide, epithiazide, ethiazide, fenquizone, flumethiazide, 

hydrochlorothiazide, hydroflumethiazide, indapamide, methylclothiazide, meticrane, 

metolazone, paraflutizide, polythiazide, quinethazone, teclothiazide, and 

trichloromethiazide; and combinations thereof. In a particular embodiment, the diuretic is 

seiected from amiloride, bumetanide, chlorothiazide, chlorthalidone, dichlorphenamide, 

20 ethacrynic acid, furosemide, hydrochlorothiazide, hydroflumethiazide, indapamide, 

methylclothiazide, metolazone, torsemide, triamterene, and combinations thereof. The 

diuretic will be administered in an amount sufficient to provide from about 5-50 mg per 

day, more typically 6-25 mg per day, with common dosages being 6.25 mg, 12.5 mg or 25 
mg per day. 

25 Compounds of the invention may also be administered in combination with a pi 

adrenergic receptor blocker. Representative (3i adrenergic receptor blockers include, but 

are not limited to, acebutolol, alprenolol, amosulalol, arotinoloi, atenolol, befunolol, 

betaxolol, bevantolol, bisoprolol, bopindolol, bucindolol, bucumolol, bufetolol, bufuraiol, 

bunitrolol, bupranolol, bubridine, butofilolol, carazolol, carteolol, carvedilol, celiprolol, 

30 cetamolol, cloranolol, dilevalol, epanolol, esmolol, indenolol, labetolol, levobunolol, 

mepindolol, metipranoloi, metoprolol such as metoprolol succinate and metoprolol tartrate, 

moprolol, nadolol, nadoxoioi, nebivaiol, nipradilol, oxprenolol, penbutolol, perbutolol, 

pindolol, practolol, pronethalol, propranolol, sotalol, sufinalol, talindol, tertatolol, tilisolol, 
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timolol, toliproloi, xibenolol, and combinations thereof. In one particular embodiment, the 

pt adrenergic receptor blocker is seiected from atenolol, bisoprolol, metoprolol, 

propranolol, sotalol, and combinations thereof. 

In one embodiment, a compound of the invention is administered in combination 

5 with a calcium channel blocker. Representative calcium channel blockers include, but are 

not limited to, amiodipine, anipamii, aranipine, barnidipine, bencyclane, benidipine, 

bepridil, clentiazem, cilnidipine, cinnarizine, diltiazem, efonidipine, elgodipine, etafenone, 

felodipine, fendiline, flunarizine, gallopamil, isradipine, iacidipine, lercanidipine, 

lidoflazine, lomerizine, manidipine, mibefradil, nicardipine, nifedipine, niguldipine, 

10 niludipine, nilvadipine, nimodipine, nisoldipine, nitrendipine, nivaldipine, perhexiline, 

prenylamine, ryosidine, semotiadil, terodiline, tiapamil, verapamil, and combinations 

thereof. In a particular embodiment, the calcium channel blocker is selected from 

amiodipine, bepridil, diltiazem, felodipine, isradipine, Iacidipine, nicardipine, nifedipine, 

niguldipine, niludipine, nimodipine, nisoldipine, ryosidine, verapamil, and combinations 

15 thereof. 

Compounds of the invention can also be administered in combination with an 

angiotensin-converting enzyme (ACE) inhibitor. Representative ACE inhibitors include, 

but are not limited to, accupril, alacepril, benazepril, benazeprilat, captopril, ceranapril, 

cilazapril, delapril, enalapril, enalaprilat, fosinopril, fosinoprilat, imidapril, lisinopril, 

20 moexipril, monopril, moveltopril, pentopril, perindopril, quinapril, quinapriiat, ramipril, 

ramiprilat, saralasin acetate, spirapril, temocapril, trandolapril, zofenopril, and 

combinations thereof. In a particular embodiment, the ACE inhibitor is selected from: 

benazepril, enalapril, lisinopril, ramipril, and combinations thereof. 

In one embodiment, a compound of the invention is administered in combination 

25 with an ATj receptor antagonist, also known as angiotensin II type 1 receptor blockers 

(ARBs). Representative ARBs include, but are not limited to, abitesartan, benzyllosartan, 

candesartan, candesartan cilexetil, elisartan, embusartan, enoltasosartan, eprosartan, 

fonsartan, forasartan, glycyllosartan, irbesartan, isoteoline, losartan, medoximil, 

milfasartan, olmesartan, opomisartan, pratosartan, ripisartan, saprisartan, saralasin, 

30 sarmesin, tasosartan, telmisartan. valsartan, zolasartan, and combinations thereof. In a 

particular embodiment, the ARB is selected from candesartan, eprosartan, irbesartan, 

losartan, olmesartan, irbesartan, saprisartan, tasosartan, telmisartan, and combinations 

thereof. Exemplary salts include eprosartan mesylate, losartan potassium salt, and 
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olmesartan medoxomil. Typically, the ARB will be administered in an amount sufficient 

to provide from about 4-600 mg per dose, with exemplary daily dosages ranging from 20-

320 mg per day. 

In another embodiment, a compound of the invention is administered in 

5 combination with a neprilysin (NEP) inhibitor. Representative NEP inhibitors include, but 

are not limited to: candoxatril; candoxatrilat; dexecadotril ((+)-N-[2(7^-(acetylthiomethyI)-

3-phenylpropionyl]glycine benzyl ester); CGS-24128 (3-[3-(biphenyl-4-yI)-2-

(phosphonomethylamino)propionamido]propionic acid); CGS-24592 ((2^-3-[3-(biphenyl-

4-yl)-2-(phosphonomethylamino)propionamido]propionic acid); CGS-25155 (N-[9f7^-

10 (acetylthiomethyl)-10-oxo-1 -azacyclodecan-2f$-y lcarbonyj]-4fi^-hydroxy-L-proline 

benzyl ester); 3-(i-carbamoyicyclohexyi)propionic acid derivatives described in WO 

2006/027680 to Hepworth et al. (Pfizer inc.); JMV-390-1 (2f£>benzyl-3-(N-

hydroxycarbamoyl)propionyl-L-isoleucyl-L-leucine); ecadotrii; phosphoramidon; 

retrothiorphan; RU-42827 (2-(mercaptomethyl)-N-(4-pyridinyl)benzenepropionamide); 

15 RU-44004 (N-(4-morpholinyl)-3-phenyl-2-(sulfanylmethyl)propionamide); SCH-32615 

(C5/)-N-[N-(l-carboxy-2-phenylethyl)-L-phenylalanyl]-p-alanine) and its prodrug SCH-

34826 ((S)~N-[N"[l-[[(2,2-dimethyl-l,3-dioxolan~4-yl)methoxy]carbonyl3-2-phenyiethyl]-

L-phenylalanyl]-p-alanine); sialorphin; SCH-42495 (N-[2f$-(acetylsulfanylmethyl)-3-(2-

methylphenyl)propionyl]-L-methionine ethyl ester); spinorphin; SQ-28132 (N-[2-

20 (mercaptomethyl)-l-oxo-3-phenylpropyl]ieucine); SQ-28603 (N-[2-(mercaptomethyi)-1 -

oxo-3-phenylpropylj-p-alanine); SQ-29072 (7-[[2-(mercaptomethyi)-1 -oxo-3-

phenylpropyljaminojheptanoic acid); thiorphan and its prodrug racecadotril; UK-69578 

(cis-4-[[[l-[2-carboxy-3-(2-methoxyethoxy)propyl]cyclopentyl]carbonyl]amino] 

cyciohexanecarboxylic acid); UK-447,841 (2-{1 -[3-(4-chlorophenyl)propylcarbamoyl]-

25 cyclopentylmethyl}-4-methoxybutyric acid); UK-505,749 (f7^-2-methyl-3-{l-[3-(2-

methylbenzothiazol-6-yl)propylcarbamoyl]cyclopentyl}propionic acid); 5-biphenyl-4-yl-4-

(3-carboxypropionylamino)-2-methylpentanoic acid and 5-biphenyl-4-yl-4-(3-

carboxypropionylamino)-2-methylpentanoic acid ethyl ester (WO 2007/056546); daglutril 

[f'55',27?/J-3-{l-[2'-(ethoxycarbonyl)-4'-phenylbutyi]-cyclopentan-i-carbonylamino}-

30 2,3,4,5-tetrahydro-2-oxo-1H-1 -benzazepine-1 -acetic acid] described in WO 

2007/106708 to Khder et al. (Novartis AG); and combinations thereof. In a particular 

embodiment, the NEP inhibitor is selected from candoxatril, candoxatrilat, CGS-24128, 

phosphoramidon, SCH-32615, SCH-34826, SQ-28603, thiorphan, and combinations 
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thereof. The NEP inhibitor will be administered in an amount sufficient to provide from 

about 20-800 mg per day, with typical daily dosages ranging from 50-700 mg per day, 

more commonly 100-600 or 100-300 mg per day. 

In yet another embodiment, a compound of the invention is administered in 

5 combination with a non-steroidal ami-inflammatory agent (NSAID). Representative 

NSAlDs include, but are not limited to: acemetacin, acetyl salicylic acid, alclofenac, 

alminoprofen, amfenac, amiprilose, amoxiprin, anirolac, apazone, azapropazone, 

benorilate, benoxaprofen, bezpiperylon, broperamole, bucloxic acid, carprofen, clidanac, 

diclofenac, diflunisal, diftaione, enolicam, etodolac, etoricoxib, fenbufen, fenclofenac, 

10 fenclozic acid, fenoprofen, fentiazac, feprazone, flufenamic acid, flufenisal, fluprofen, 

flurbiprofen, furofenac, ibufenac, ibuprofen, indomethacin, indoprofen, isoxepac, 

isoxicam, ketoprofen, ketorolac, lofemizole, lornoxicam, meclofenamate, rneclofenamic 

acid, mefenamic acid, meloxicam, mesalamine, miroprofen, mofebutazone, nabumetone, 

naproxen, niflumic acid, oxaprozin, oxpinac, oxyphenbutazone, phenylbutazone, 

15 piroxicam, pirprofen, pranoprofen, salsaiate, sudoxicam, sulfasalazine, sulindac, suprofen, 

tenoxicam, tiopinac, tiaprofenic acid, tioxaprofen, tolfenamic acid, tolmetin, triflumidate, 

zidometacin, zomepirac, and combinations thereof. In a particular embodiment, the 

NSAID is selected from etodolac, flurbiprofen, ibuprofen, indomethacin, ketoprofen, 

ketorolac, meloxicam, naproxen, oxaprozin, piroxicam, and combinations thereof. 

20 In yet another embodiment, a compound of the invention is administered in 

combination with an anti-lipid agent. Representative anti-iipid agents include, but are not 

limited to, statins such as atorvastatin, fluvastatin, lovastatin, pravastatin, rosuvastatin and 

simvastatin; cholesteryl ester transfer proteins (CETPs); and combinations thereof, 

In yet another embodiment, a compound of the invention is administered in 

25 combination with an anti-diabetic agent. Representative anti-diabetic agents include, but 

are not limited to: injectable drugs such as insulin and insulin derivatives; orally effective 

drugs including biguanides such as metformin, glucagon antagonists, a-glucosidase 

inhibitors such as acarbose and miglitol, meglitinides such as repaglinide, 

oxadiazolidinediones, sulfonylureas such as chlorpropamide, glimepiride, glipizide, 

30 glyburide, and tolazamide, thiazolidinediones such as pioglitazone and rosiglitazone; and 

combinations thereof. 

In one embodiment, a compound of the invention is administered in combination 

with an anti-thrombotic agent. Representative anti-thrombotic agents include, but are not 



limited to, aspirin, anti-platelet agents, heparin, and combinations thereof. Compounds of 

the invention may also be administered in combination with a renin inhibitor, examples of 

which include, but are not limited to, aliskiren, enalkiren, remikiren, and combinations 

thereof. In another embodiment, a compound of the invention is administered in 

5 combination with an endothelin receptor antagonist, representative examples of which 

include, but are not limited to, bosentan, darusentan, tezosentan, and combinations thereof. 

Compounds of the invention may also be administered in combination with an endothelin 

converting enzyme inhibitor, examples of which include, but are not limited to, 

phosphoramidon, CGS 26303, and combinations thereof. In yet another embodiment, a 

10 compound of the invention is administered in combination with an aldosterone antagonist, 

representative examples of which include, but are not limited to, eplerenone, 

spironolactone, and combinations thereof 

Combined therapeutic agents may also be helpful in further combination therapy 

with compounds of the invention. For example, a combination of the ACE inhibitor 

15 enalapril (in the maleate salt form) and the diuretic hydrochlorothiazide, which is sold 

under the mark Vaseretic®, or a combination of the calcium channel blocker amiodipine (in 

the besylate salt form) and the ARB olmesartan (in the rnedoxomil prodrug form), or a 

combination of a calcium channel blocker and a statin, all may also be used with the 

compounds of the invention. Dual-acting agents may also be helpful in combination 

20 therapy with compounds of the invention. For example, angiotensin-converting 

enzyme/neprilysin (ACE/NEP) inhibitors such as: AVE-0848 ((4S, 7S, 12 bR)-l-[3-methyl-

2f£j-sulfanylbutyramido]-6-oxo-1,2,3,4,6,7,8,12b-oc tahydropyrido[2,l-a][2]benzazepine-

4-carboxylic acid); AVE-7688 (ilepatril) and its parent compound; BMS-182657 (2-[2-

oxo-3(^)-[3-phenyl-2(^)-sulfanylpropionamido]-2,3,4,5-tetrahydro-lH-l-benzazepin-l-
25 yl]acetic acid); CGS-26303 ([N-[2-(biphenyl-4-yl)-1 (S)-( 1 H-tetrazol-5-

yl)ethyl]ammo]methylphosphonic acid); CGS-35601 (N-[ 1 -f4-methyl-2(^-

sulfanyipentanamido]cyclopentylcarbonyl]-L-tryptophan); fasidotrii; fasidotriiate; 

enalaprilat; ER-32935 ((3R,6S,9aR)-6-[3f^-methyl-2flS/)-sulfanylpentanamido]-5-

oxoperhydrothiazolo[3,2-a]azepine-3-carboxylic acid); gempatrilat; MDL-101264 

30 ((4S,7S,12bR)-7-[2(2^-(2-morpholinoacetylthio)-3-phenylpropionamido]-6-oxo-

1,2,3,4,6,7,8,12b-octahydropyrido[2,1 -a][2]benzazepine-4-carboxylie acid); MDL-101287 

([4S-[4a,7a(R*),12bp]]-7-[2-(carboxymethyl)-3-phenylpropionamido]-6-oxo-

1,2,3,4,6,7,8,12b-octahydropyrido[2,1 -a][2 jbenzazepine-4-carboxy lie acid); omapatrilat; 



RB-105 (N-[2(^)-(mercaptomethyl)-3^-phenylbutyl]-L-alanine); sampatrilat; SA-898 

((2R,4R)-N-[2-(2-hydroxyphenyl)-3-(3-mercaptopropionyl)thiazolidin-4-ylcarbonyl]-L-

phenylaianine); Sch-50690 (N-[ 1 f5/)-carboxy-2-[N2-(methanesulfony 1)-L-

lysylamino]ethyI]-L-valyl-L-tyrosine); and combinations thereof, may also be included. In 

5 one particular embodiment, the ACE/NEP inhibitor is selected from: AVE-7688, 

enalapriiat, fasidotril, fasidotrilate, omapatriiat, sampatrilat, and combinations thereof. 

Other therapeutic agents such as (^-adrenergic receptor agonists and vasopressin 

receptor antagonists may also be helpful in combination therapy. Exemplary ai-adrenergic 

receptor agonists include cionidine, dexmedetomidine, and guanfacine. Exemplary 

10 vasopressin receptor antagonists include tolvaptan. 

The following formulations illustrate representative pharmaceutical compositions 

of the invention. 

Exemplary Hard Gelatin Capsules For Oral Administration 

A compound of the invention (50 g), 440 g spray-dried lactose and 10 g 

15 magnesium stearate are thoroughly blended. The resulting composition is then loaded into 

hard gelatin capsules (500 mg of composition per capsule). Alternately, a compound of the 

invention (20 mg) is thoroughly blended with starch (89 mg), microcrystalUne cellulose 

(89 mg) and magnesium stearate (2 mg). The mixture is then passed through a No. 45 

mesh U.S. sieve and loaded into a hard gelatin capsule (200 mg of composition per 

20 capsule). 

Exemplary Gelatin Capsule Formulation For Oral Administration 
A compound of the invention (100 mg) is thoroughly blended with polyoxyethylene 

sorbitan monooleate (50 mg) and starch powder (250 mg). The mixture is then loaded into 

a gelatin capsule (300 mg of composition per capsule). 

25 Alternately, a compound of the invention (40 mg) is thoroughly blended with 

microcrystalUne cellulose (Avicel PH 103; 260 mg) and magnesium stearate (0.8 mg). The 

mixture is then loaded into a gelatin capsule (Size #1, White, Opaque) (300 mg of 

composition per capsule). 

Exemplary Tablet Formulation For Oral Administration 

30 A compound of the invention (10 mg), starch (45 mg) and microcrystalUne 

cellulose (35 mg) are passed through a No. 20 mesh U.S. sieve and mixed thoroughly. The 

granules so produced are dried at 50-60 °C and passed through a No. 16 mesh U.S. sieve. 

A solution of polyvinylpyrrolidone (4 mg as a 10 % solution in sterile water) is mixed with 
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sodium carboxymethyl starch (4.5 mg), magnesium stearate (0.5 mg), arid talc (1 mg), and 

this mixture is then passed through a No. 16 mesh U.S. sieve. The sodium carboxymethyl 

starch, magnesium stearate and talc are then added to the granules. After mixing, the 

mixture is compressed on a tablet machine to afford a tablet weighing 100 mg. 

5 Alternately, a compound of the invention (250 mg) is thoroughly blended with 

microcrystalUne cellulose (400 mg), silicon dioxide fumed (10 mg), and stearic acid (5 

mg). The mixture is then compressed to form tablets (665 mg of composition per tablet). 

Alternately, a compound of the invention (400 mg) is thoroughly blended with 

cornstarch (50 mg). croscarmellose sodium (25 mg), lactose (120 mg), and magnesium 

10 stearate (5 mg). The mixture is then compressed to form a single-scored tablet (600 mg of 

composition per tablet). 

Alternately, a compound of the invention (100 mg) is thoroughly blended with 

cornstarch (100 mg) with an aqueous solution of gelatin (20 mg). The mixture is dried and 

ground to a fine powder MicrocrystalUne cellulose (50 mg) and magnesium stearate (5 

15 mg) are the admixed with the gelatin formulation, granulated and the resulting mixture 

compressed to form tablets (100 mg of active per tablet). 

Exemplary Suspension Formulation For Oral Administration 
The following ingredients are mixed to form a suspension containing 100 mg of 

active agent per 10 mL of suspension: 

Ingredients Amount 
Compound of the invention 1.0 g 
Fumaric acid 0.5 g 
Sodium chloride 2.0 g 
Methyl paraben 0.15 g 
Propyl paraben 0.05 g 
Granulated sugar 25.5 g 
Sorbitol (70% solution) 12.85 g 
Veegum® K (magnesium aluminum silicate) 1.0 g 
Flavoring 0.035 mL 
Colorings 0.5 mg 
Distilled water q.s. to 100 mL 

20 
Exemplary Liquid Formulation For Oral Administration 

A suitable liquid formulation is one with a carboxylic acid-based buffer such as 

citrate, lactate and maleate buffer solutions. For example, a compound of the invention 

(which may be pre-mixed with DMSO) is blended with a 100 mM ammonium citrate 

25 buffer and the pH adjusted to pH 5, or with is blended with a 100 mM citric acid solution 



and the pH adjusted to pH 2. Such solutions may also include a solubilizing excipient such 

as a cyclodextrin, for example the solution may include 10 wt% hydroxypropyl-p-

cyclodextrin. 

Other suitable formulations include a 5% NaHCOj solution, with or without 

5 cyclodextrin. 

Exemplary Injectable Formulation For Administration By Injection 
A compound of the invention (0.2 g) is blended with 0.4 M sodium acetate buffer 

solution (2.0 mL). The pH of the resulting solution is adjusted to pH 4 using 0.5 N 

aqueous hydrochloric acid or 0.5 N aqueous sodium hydroxide, as necessary, and then 

10 sufficient water for injection is added to provide a total volume of 20 mL. The mixture is 

then filtered through a sterile filter (0.22 micron) to provide a sterile solution suitable for 

administration by injection. 

Exemplary Compositions For Administration By Inhalation 

A compound of the invention (0.2 mg) is micronized and then blended with lactose 

15 (25 mg). This blended mixture is then loaded into a gelatin inhalation cartridge. The 

contents of the cartridge are administered using a dry powder inhaler, for example. 

Alternately, a micronized compound of the invention (10 g) is dispersed in a 

solution prepared by dissolving lecithin (0.2 g) in demineralized water (200 mL). The 

resulting suspension is spray dried and then micronized to form a micronized composition 

20 comprising particles having a mean diameter less than about 1.5 p.m. The micronized 

composition is then loaded into metered-dose inhaler cartridges containing pressurized 

1,1,1,2-tetrafluoroethane in an amount sufficient to provide about 10 jig to about 500 jig of 

the compound of the invention per dose when administered by the inhaler. 

Alternately, a compound of the invention (25 mg) is dissolved in citrate buffered 

25 (pH 5) isotonic saline (125 mL). The mixture is stirred and sonicated until the compound 

is dissolved. The pH of the solution is checked and adjusted, if necessary, to pH 5 by 

slowly adding aqueous IN sodium hydroxide. The solution is administered using a 

nebulizer device that provides about 10 p.g to about 500 fag of the compound of the 

invention per dose. 

30 EXAMPLES 

The following Preparations and Examples are provided to illustrate specific 

embodiments of the invention. These specific embodiments, however, are not intended to 

limit the scope of the invention in any way unless specifically indicated. 
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The following abbreviations have the following meanings unless otherwise 

indicated and any other abbreviations used herein and not defined have their standard, 

generally accepted meaning: 

ACE angiotensin converting enzyme 

APP aminopeptidase P 

ATj angiotensin II type 1 (receptor) 

AT2 angiotensin II type 2 (receptor) 

BSA bovine serum albumin 

DCM dichloromethane or methylene chloride 

D1PEA N.N-diisopropylethylamine 

DMAP 4-dimethylaminopyridine 

DMF N, iV-dimethy Iformamide 

DMSO dimethyl sulfoxide 

Dnp 2,4-dinitrophenyl 

DOCA deoxycorticosterone acetate 

EDC A'-(3-dimethyiaminopropyl)-Ar-ethylcarbodiimide 

EDTA ethyienediaminetetraacetic acid 

EGTA ethylene glycol 6is(p-aminoethyl ether)-N,N,N,N' -tetraacetic 

acid 

EtOAc ethyl acetate 

HATU N,N, NN '-tetramethy I-0-(7-azabenzotriazol-1 -yl)uronium 

hexafluorophosphate 

Mca (7-methoxycoumarin-4-yl)acyl 

MeCN acetonitrile 

MeOH methanol 

NaBH3CN sodium cyanoborohydride 

NBS jV-bromosuccinimide 

NEP neprilysin (EC 3.4.24.11) 

PBS phosphate buffered saline 

SHR spontaneously hypertensive rat 

TFA trifiuoroacetic acid 

THF tetrahydrofuran 

Tris tris(hydroxymethyl)aminomethane 



Tween-20 polyethylene glycol sorbitan monolaurate 

Unless noted otherwise, all materials, such as reagents, starting materials and 

solvents, were purchased from commercial suppliers (such as Sigma-Aldrich, Fluka 

Riedel-de Haen, and the like) and were used without further purification. 

Reactions were run under nitrogen atmosphere, unless noted otherwise. The 

progress of reactions were monitored by thin layer chromatography (TLC), analytical high 

performance liquid chromatography (anal. HPLC), and mass spectrometry, the details of 

which are given in specific examples. Solvents used in analytical HPLC were as follows: 

solvent A was 98% water/2% MeCN/1.0 mL/L TFA; solvent B was 90% MeCN/10% 

water/1.0 mL/L TFA. 

Reactions were worked up as described specifically in each preparation or example; 

commonly reaction mixtures were purified by extraction and other purification methods 

such as temperature-, and solvent-dependent crystallization, and precipitation. In addition, 

reaction mixtures were routinely purified by preparative HPLC, typically using Microsorb 

CI 8 and Microsorb BDS column packings and conventional eluents. Characterization of 

reaction products was routinely carried out by mass and 'H-NMR spectrometry. For NMR 

measurement, samples were dissolved in deuterated solvent (CD3OD, CDCI3, or DMSO-

d&), and 'H-NMR spectra were acquired with a Varian Gemini 2000 instrument (400 MHz) 

under standard observation conditions. Mass spectrometric identification of compounds 

was typically conducted using an electrospray ionization method (ESMS) with an Applied 

Biosystems (Foster City, CA) model API 150 EX instrument or an Agilent (Palo Alto, CA) 

mode! 1200 LC/MSD instrument. 

PREPARATION 1 

4-Methvipentanovl Chloride 

Isocaproic acid (10.0 g, 86.1 mmol) was dissolved in methylene chloride (30.0 mL, 

468.0 mmol), and thionyl chloride (18.8 mL, 258 mmol) was added. The mixture was 

stirred at room temperature overnight, then rotovaped to provide the title compound, which 
was used immediately in the next reaction. 



PREPARATION 2 

^S')-2-AcetvlsulfanvlmethvU4-methvlDentanoLC Acid 

^)-4-Benzyl-3-(4-methylpentanoyl)oxazoiidin-2-one (2a): f$-4-Benzy!-2-

5 oxazolidinone (15.1 g, 85.0 mmol) was dissolved in THF (200 mL, 2.5 mol), cooled at -78 

°C under nitrogen, and stirred for 10 minutes. 1.6 M of «-butyllithium in hexane (53.1 

mL) was added dropwise and stirred for 15 minutes. 4-Methyipentanoyi chloride (12.6 g, 

93.5 mmol) was added dropwise, stirred for 30 minutes at -78 °C. then warmed to 0 °C for 

2 hours. 150 mL of saturated NaHCO^ was added and the mixture was warmed to room 

10 temperature for 30 minutes. The mixture was extracted with DCM, washed with Na2CO} 

(5%) and saturated aqueous NaCl, dried over MgS04, filtered and concentrated. Excess 

oxazolidinone was removed using hexanes to provide intermediate (2a) (14.5 g). 

(£>4-Benzyl-3-(f.ft>2-hydroxymethyl-4-methy}pentanoyl)oxazolidin-2-one (2b): 

Intermediate (2a) (14.5 g, 46.3 mmol) was dissolved in DCM (151 mL, 2.4 mol) and stirred 

15 at 0 °C under nitrogen. 1 M titanium tetrachloride in DCM (48.6 mL) was added and 

stirred for 15 minutes. DIPEA (8.9 mL, 51.0 mmol) was added dropwise at 0 °C and the 

mixture was stirred for 75 minutes. 1,3,5-Trioxane (4.6 g, 51.0 mmol) in DCM (30 mL) 

was then added. After 10 minutes a second equivalent of I M titanium tetrachloride in 

DCM (48.6 mL) was added and the mixture stirred at 0 °C for 5 hours. The reaction was 

20 then quenched with 250 mL of saturated ammonium chloride. Water and DCM were 

added, and the aqueous phase was extracted twice more with DCM. The organic layers 

were combined, dried over MgS04, filtered and concentrated. The resulting material was 

purified by silica gel chromatography (0-60% EtOAc:hexanes) to provide intermediate (2b) 

(13.9 g). 
25 (7^-2-Hydroxymethyl-4-methylpentanoic acid (2c): Intermediate (2b) (13.9 g, 40.8 

mmol) was dissolved in THF (200 mL, 2 mol) and stirred at 0 °C. 9 M hydrogen peroxide 

in water (46.3 mL) was added, followed by dropwise addition of 1.5 M lithium hydroxide 

monohydrate in water (54.4 mL). The mixture was then warmed to room temperature and 
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stirred for 2.5 hours. Potassium hydroxide (4.6 g, 81.6 mmol) was added and the mixture 

was heated at 60 °C for 30 minutes and then cooled at room temperature. To this was 

added a solution of sodium sulfite (10 g in 200 mL water) followed by water and 

chloroform (200 mL of each). The aqueous layer was extracted twice more with CHO3 

5 (150 mL), acidified and extracted with EtOAc. The organic layer was then washed with 

saturated aqueous NaCl, dried over MgS04, filtered, and rotovaped to provide intermediate 

(2c) (5.4 g). 

Triphenylphosphine (19.5 g, 74.3 mmol) was dissolved in THF (200 mL, 2 mol) 

and cooled at 0 °C. Diisopropyl azodicarboxylate (14.6 mL, 74.3 mmol) was added 

10 dropwise and the mixture stirred for 10 minutes at 0 °C. Intermediate (2c) (5.4 g, 37.1 

mmol) and thioacetic acid (8.0 mL, 111 mmol) were dissolved in THF (20 mL) and added 

dropwise to the reaction. After the addition, the mixture was removed from the ice bath 

and stirred at room temperature. The mixture was stirred for 3.5 hours, concentrated to 

approximately a third of the volume, and then partitioned between EtOAc and saturated 

15 NaHC03. The organic layer was extracted three times more with saturated NaHC03 and 

the combined aqueous extracts were washed twice with CHCI3, acidified with IN HCl and 

extracted three times with EtOAc. The organic layer was washed with saturated aqueous 

NaCl, dried over MgS04, filtered, and rotovaped to provide the title compound (33% 

yield). 

20 PREPARATION 3 

4'-Bromomethvlbiphenvl-2-carboxvlic Acid /-Butyl Ester 

4'-Methylbiphenyl-2-carboxylic acid /-butyl ester (3a): A solution of 4'« 

methylbiphenyl-2-carboxylic acid (48.7 g, 230 mmol) and thionyi chloride (150 mL) was 

25 stirred at room temperature. After 5.5 hours, the mixture was concentrated in vacuo. 

Excess thionyi chloride was removed by co-distillation with toluene to afford a yellow 

solid (52,6 g). The material was then dissolved in THF (500 mL) and cooied to 0 °C. 

Potassium /-butoxide (15.0 g, 130 mmol) was added portion wise, followed by addition of 

1M solution of potassium /-butoxide in THF (250 mL). Additional solid potassium 



/-butoxide (21.4 g, 100 mmol) was added and the mixture was stirred at 0 °C for 1.5 hours. 

The mixture was then partitioned between EtOAc and water, and the organic layer was 

washed with saturated aqueous NaCl, dried over MgS04, filtered and concentrated to 

afford intermediate (3a) as a yellow oil (62.3 g), which was used directly in the next step. 

5 Benzoyl peroxide (3.9 g, 16.0 mmol) was added to a solution of intermediate (3a) 

(62 g, 230 mmol) andNBS (41.2 g, 230 mmol) in benzene (800 mL). The mixture was 

then heated at reflux. After 4.5 hours, benzoyl peroxide (1 g) was added, followed by NBS 

(16 g, 66.0 mmol) 30 minutes later. The mixture was stirred for a total of 6 hours, cooled, 

filtered, and concentrated in vacuo. The resulting residue was then crystallized from 

10 diethyl ether and hexane at 4 °C overnight to give the title compound as a pale yellow solid 

(40.7 g). 'H-NMR (DMSO): 6 (ppm) 1.1 (s, 9H), 4.6 (s, 2H), 7.1-7.6 (m, 8H), 

PREPARATION 4 

4' -(5-Aminomethvl-2-butvl-4-chioroimidazol-1 -y ImethvD 

biphenvl-2-carboxylic Acid /-Butyl Ester 

4,-(2-Butyl-4-chloro-5-formylimidazol-l-ylmethyl)biphenyl-2-carboxylic acid 

/-butyl ester (4a): 2-Butyl-5-chloro-3H-imidazole-4-carbaidehyde (9.9 g, 53.3 mmol), 

4'-bromomethylbiphenyl-2-carboxyiic acid /-butyl ester (18.5 g, 53.3 mmol), and K2CO3 

(7.4 g, 53.3 mmol) were combined in DMF (200 mL) and stirred at room temperature 

20 overnight. The reaction was quenched with water, extracted with EtOAc, washed with 

saturated aqueous NaCl, dried over MgS04, filtered and concentrated. The crude mixture 

was purified by flash chromatography (0-40% EtOAc:hexanes) to yield 21.5 g of 

intermediate (4a). 

4,-[2-Butyl-4-chioro-5-(hydroxyiminomethyi)imidazol-i-ylmethyl]biphenyl-2-

25 carboxylic acid /-butyl ester (4b): Intermediate (4a) (12.1 g, 26.7 mmol) and NFbOH-HCl 

(2.4 g, 34.7 mmol) were combined in 80 mL water and 160 mL pyridine and stirred at 

room temperature overnight. Water (80 mL) was added and the mixture was stirred for 1 

hour. The precipitate was filtered and dried to yield 11.7 g of intermediate (4b), which was 
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used in the next step without further purification. 

Intermediate (4b) (8.8 g, 19 mmol), NaBl-hCN (5.3 g, 84.6 mmol) and NHuOAc 

(3.2 g, 41.4 mmol) were dissolved in MeOH (100 mL) and cooled to 0 °C. After 15 

minutes, TiCh (8.70 g, 56.4 mmol) was added in three portions, and the mixture was 

5 stirred at 0 °C for 10 minutes. The mixture was then removed from the ice bath and 

allowed to warm to room temperature, while stirring, for 3 hours. The mixture was cooled 

to 0 °C5 the reaction quenched with NH4OH (100 mL), and the mixture stirred for 15 

minutes. The resulting titanium salt precipitant was filtered off and rinsed with MeOH 

multiple times. The filtrate was concentrated. The resulting residue was taken up in a 3:1 

10 mixture of CHCb and isopropanol. Saturated aqueous NaCl and saturated aqueous 

NaHCOs were added. The product was extracted twice with a 3:1 mixture of CHCI3 and 

isopropanol, washed with saturated aqueous NaCl, dried over MgS04, filtered and 

concentrated to yield 8.2 g of the title compound. 

EXAMPLE 1 

15 4,-5-r(fS)-2-Acetvlsulfanvlmethvl-4-methylpentanovlamino')methvl1-2-butvl-4-

chloroimidazol-l-vlmethvlbiphenvl-2-carboxvlic Acid f-Butvl Ester Oa: Rta = /-butyl: R3a 

~ -CfOlCHil: 4'-5-r(Y5')-2"Acetvlsuifanvlmethvl-4-methvlpentanoYlammo'imethvI]-2-

butvi-4-chloroimidazol-1 -ylmethylbiphenyl-2-carboxyHc Acid (lb; Rta~ H: R5a = 

-CfQtCH}): and 4' -2-Butv 1 -4-chloro-2 -mercaptomethv 1-4-

20 methylpentanoy}amino)methvnimidazol-l-ylmethylbiphenvl-2-carboxvlic Acid dc: Rla = 

H; R5a - H) 

(^)-2-Acetylsulfanylmethyl-4-methylpentanoic acid (371 mg, 1.8 mmol) and 

HATU (691 mg, 1.8 mmol) was dissolved in DMF (5 mL, 60 mmol) and stirred at room 

25 temperature for 15 minutes. DIPEA (0.3 mL, 2 mmol) was then added and the mixture 

was stirred for 1 hour. 4'-(5-Aminomethy[-2-butyl-4-chloroimidazol-l-ylmethyl)biphenyl-

2-carboxylic acid f-butyl ester (750 mg, 1.7 mmol) and DIPEA (0.3 mL, 2 mmol) in DMF 

(2 mL) was added and the mixture was stirred at room temperature for 4 hours. The 

reaction was quenched with water and the mixture extracted with EtOAc. The organic 
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layer was washed with saturated aqueous NaCl, dried over MgSCU, filtered and 

concentrated. The reaction was purified by silica gel chromatography (1:1 

EtOAc:hexanes) to obtain the acetylsulfanyl ester intermediate (la). This intermediate was 

dissolved in DCM:TFA (1:1) (3 mL each) and stirred at room temperature for 3.5 hours 

5 and then concentrated to obtain the acetylsulfanyl acid intermediate (lb). This 

intermediate was redissolved in 1:1 MeOH:NaOH (IN) (2 mL each) and was stirred at 

room temperature under nitrogen for 1 hour, the reaction quenched with acetic acid, and 

the mixture concentrated. The resulting material was purified by preparative HPLC (30-

70%) to yield 360 mg of the final product (1c). MS mfz\ [M + H*] calcd for 

10 C29H36CIN303S5 542.22; found, 542.4. lH-NMR (DMSO): 8.4 (IH, t), 7.69 (1H, d), 7.53 

(IH, t), 7.42 (IH, t), 7.33 (IH, d), 7.27 (2H, d), 7.01 (2H, d), 5.23 (2H, s), 4.18 (2H, m), 

2.35 (IH, m), 2.05 (IH, t), 1.45 (2H, m) 1.38 (2H, m) 1.2 (3H, m), 0.77 (9H, m). 

(7^-2-Bromo-4-methylpentanoic acid (5a): D-Leucine (9.9 g, 75.2 mmol) was 

dissolved in 3.0 M of HBr in water (120 mL) and cooled to 0 °C. A solution ofNaNC>2 

(8.3 g, 120 mmol) in water (20 mL, 100 mmol) was added. The reaction was stirred at 0 

°C for 2.5 hours and then extracted twice with EtOAc, washed twice with saturated 

20 aqueous NaCl, dried over MgS04, filtered, and concentrated to afford 12.6 g of 

intermediate (5a) as a pale yellow oil. This was taken on to the next step without further 

purification. lH-NMR (DMSO): 4.31 (IH, t), 1.75 (2H, m) 1.65 (IH, m) 0.82 (6H, dd). 

Intermediate (5a) (12.5 g, 64.1 mmol), potassium thioacetate (11.0 g, 96.1 mmol), 

and DMF (100 mL, 1.0 mol) were combined and the mixture stirred at room temperature 

25 for 1 hour. Water (100 mL) was then added, and the mixture was extracted three times 

with EtOAc, washed twice with saturated aqueous NaCl, dried over MgS04, filtered, and 

concentrated. The product was purified by silica gel chromatography (0-40% 

EtOAc:hexanes with 5% acetic acid) to yield 6.8 g of the title compound as a pale yellow 

oil. lH-NMR (DMSO): 3.96 (IH, t), 2.45 (3H, s), 1.70 (IH, m), 1.55 (IH, m), 1.42 (IH, 

30 m), 0.84 (6H, dd). 

PREPARATION 5 

£>)-2-Acetvlsulfanvl-4-methvlpentanoic Acid 

HO 

15 



Alternate Synthesis of Title Compound 
(7ty-2-Brorno-4-methylpentanoic acid (5a): While stirring, D-ieucine (76.6 g, 584 

mmol, 1.0 eq) was dissolved into 920 mL of aq. 3.0 M HBr (2.8 mol, 4.7 eq) and cooled to 

0 °C. A solution of NaNCh (64.5 g, 934 mmol, 1.6 eq) in 200 mL water was siowly added 

5 over 20 minutes and the mixture was stirred at 0 °C for 3 hours. The mixture was extracted 

2x with 500 mL EtOAc, washed with saturated aqueous NaCl, dried over MgSC^, filtered, 

and concentrated under reduced pressure, to yield {^-2-bromo-4-methyipentanoic acid as 

a yellow oil (103 g). lH-NMR (DMSO) 6 (ppm): 0.9 (m, 6H), 1.6-1.7 (m, IH), 1.7-1.9 (m, 

2H), 4.3 (t, IH). 

10 Intermediate (5a) (103 g, 528 mmol, 1.0 eq) was dissolved into 800 mL DMF and 

cooled to 0 °C. Potassium thioacetate (90.5 g, 792 mmol, 1.5 eq) was added slowly and 

the mixture was allowed to slowly warm to room temperature. After 8 hours, the reaction 

was quenched with 600 mL water, extracted 3x with 500 mL EtOAc, washed with 

saturated aqueous NaCl and dried over MgS04. The organic was filtered and concentrated 

15 under reduced pressure producing the crude title compound as a brown oil The crude 

product (85 g) was dissolved into 350 mL diisopropyl ether and chilled at 0 °C in ice. 1.0 

eq. of diisopropyl amine was added slowly and the resulting mixture was stirred for 1 hour. 

The solution was filtered and the solid was washed with 250 mL cold diisopropyl ether. 

The solid was then suspended in 500 mL EtOAc and washed with 900 mL 5% KHSO4 

20 (aq.). The organic was dried over MgS04 and concentrated under reduced pressure to yield 

the title compound as a yellow oil (39.6 g). lH-NMR (CDCI3) 8 (ppm): 0.9 (m, 6H), 1.6 

(m, IH), 1.7 (m, IH), 1.8 (m, 1H),2.3 (s, 3H), 4.2 (t, IH). 

Alternately, thioacetic acid (13.7 g, 180 mmol) and DMF (300 mL) were combined, 

and the mixture cooled in an ice bath. Sodium carbonate (19.0 g, 180 mmol) was added. 

25 After 30 minutes, Intermediate (5a) (33.4 g, 171 mmol) in 20 mL DMF was added 

dropwise and the mixture was stirred at 0 °C to room temperature over 7 hours. The 

reaction was diluted with 200 mL EtOAc and washed with 200 mL of a 1:1 saturated 

aqueous NaCl: IN HCl solution. The layers were separated and the aqueous phase was 

extracted again with 200 mL EtOAc. The organics were combined, washed with saturated 

30 aqueous NaCl, dried over MgS04„ filtered, and concentrated under reduced pressure. The 

recovered oil was dissolved into diisopropyl ether (150 mL, 1.1 mol) and chilled at 0 °C. 

Dicyclohexylamine (33.4 mL, 168 mmol) was added dropwise and the solid was allowed 

to crash out of solution. After stirring for an additional 30 minutes the material was 
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filtered and washed with 150 mL cold diisopropyl ether. The recovered solid (41 g) was 

suspended in 300 mL EtOAc. 500mL of 5% KHS04 was added and the layers were 

separated. The organic was washed with saturated aqueous NaCl, dried over MgS04, 

filtered, and concentrated under reduced pressure o yield the title compound as a yellow oil 

5 (20.7 g). lH NMR (CDCb) 6 (ppm): 0.9 (m, 6H), 1.6 (m, IH), 1.7 (m, IH), 1.8 (m, IH), 

2.3 (s, 3H), 4.2 (t, IH). 

PREPARATION 6 

5-Bromo-2-butvl-3H-imidazoie-4-carbaldehvde 
Br 

10 2-Buty]-3H-imidazole-4-carbaidehyde (30.0 g, 197 mmol) was dissolved in DMF 

(220 mL, 2.8 mol). NBS (36.8 g, 207 mmol) was added and the mixture was stirred at 

room temperature overnight. The mixture was then concentrated and taken up in EtOAc 

and water. The aqueous layer was extracted three times with EtOAc, and the combined 

organic extracts washed with saturated aqueous NaCl, dried over MgS04, filtered, and 

15 concentrated. The mixture was purified by silica gel chromatography (0-50% 

EtOAc.hexanes) to obtain 7.8 g of the title compound as a gray solid. MS m/z: [M + H*] 

calcd for C8HnBrN20, 232.09; found 233.0. lH-NMR (DMSO): 13.3 (IH, br), 9.48 (IH, 

s), 2.66 (2H, t), 1.59 (2H, m), 1.25 (2H, m), 0.85 (3H, t). 

PREPARATION 7 

2,3-Difluoro-4-methyl-benzoic acid methyl ester (7a): 2,3-Difluoro-4-methyl-

benzoic acid (10.0 g, 58.1 mmol) was dissolved in MeOH (200 mL, 6.0 mol) and sulfuric 

acid (1.00 mL, 19.0 mmol), and was heated at reflux overnight. The mixture was then 

25 cooled and concentrated under reduced pressure. The resulting residue was taken up in 

EtOAc and washed with saturated aqueous NaCl, dried over MgS04, filtered and 

concentrated to yield 9.0 g of intermediate (7a) as a white solid. 5H-NMR (CDCb): 7.61 

(IH, t), 7.00 (IH, t), 3.93 (3H, s), 2.35 (3H, s). 

Intermediate (7a) (9.0 g, 48.4 mmol), NBS (8.6 g, 48.4 mmol), and benzoyl 
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peroxide (100 mg, 0.5 mmol) were dissolved in benzene (200 mL, 2.0 mol) and the 

mixture was heated at reflux overnight. The mixture was then cooled and concentrated 

under reduced pressure. The resulting residue was taken up in EtOAc and washed with 

water and saturated aqueous NaCl, dried over MgSO,*, filtered and concentrated. The 

5 crude reaction was purified by silica gel chromatography (0-10% EtOAcihexanes) to 

obtain 4.6 g of the title compound as a light yellow solid. MS tn/z: [M + H+] calcd for 

C9H7BrF202, 266.05; found 267.1. 'H-NMR (CDC13): 7.70 (IH, t), 7.28 (IH, t), 4.48 (2H, 

s), 3.95 (3H, s). 

PREPARATION S 

10 4-( 5-Aminomethvi.-2-buty]-imidazol-1 -vlmethv! V2.3-difluorobenzoic 

Acid Methyl Ester Dihvdrochloride Salt 
N—^ 
// V/NH2 
XN 

4-(4-Bromo-2-butyl-5-formyl-imidazol-l-ylmethyl)-2,3-difluorobenzoic acid 

methyl ester (8a): 4-bromomethyl-2,3-difluorobenzoic acid methyl ester (3.5 g, 13.2 

15 mmol), 5-bromo-2-butyl-3H-imidazoie-4-carbaldehyde (3.1 g, 13.2 mmol) and potassium 

carbonate (1.8 g, 13.2 mmol) were combined and dissolved in DMF (20 mL, 300 mmol). 

The mixture was stirred at room temperature overnight. The mixture was then diluted with 

water and extracted with EtOAc. The organic layer was washed with saturated aqueous 

NaCl, dried over MgS04, filtered, and concentrated. The crude reaction was purified by 

20 silica gel chromatography (0-50% EtOAc:hexanes) to obtain 4.16 g of intermediate (8a) as 

a yellow solid. MS m/z: [M + H*] calcd for CpHpB^^Os, 416.23; found 417.1. IH-

NMR(CDCI3): 9.68 (IH, s), 7.64 (IH, t), 6.55 (IH, t), 5.64 (2H, s), 3.95 (3HS s), 2.63 (2H, 

t), 1.69 (2H, m), 1.36 (2H, m) 0.90 (3H, t). 

4-[4-Bromo-2-butyl-5-(hydroxyiminomethyi)imidazo!-I-ylmethyl]-2,3-

25 difluorobenzoic acid methyl ester (8b): Intermediate (8a) (4.1 g, 10 mmol) was dissolved in 

pyridine (20 mL, 200 mmol), and water (10 mL, 600 mmol). N^OH'HCl (898 mg, 12.9 

mmol) was added and the mixture was stirred at room temperature overnight. The reaction 

was quenched by the addition of water (20 mL) and the mixture stirred for 20 minutes. 

The resulting solid was filtered and dried to yield 3.6 g of intermediate (8b) as a light 
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yellow solid. MS m/z: [M + FT] calcd for C|7Hi8BrF2N303,431.24; found 432.2. 

Intermediate (8b) (3.6 g, 8.2 mmol), palladium hydroxide (0.58 g, 4.1 mmol), 1 M 

of HCl in water (16.5 mL), and MeOH (190 mL, 4.7 mol) were combined. The mixture 

was degassed and then stirred under hydrogen for 4 hours. The palladium was filtered and 

5 then the solute was concentrated to yield 3.3 g of the title compound as a yellow-orange 

solid. MS m/z: [M + H+] calcd for Q7H21F2N3O2, 338.16; found 338.2, 'H-NMR 

(DMSO): 9.69 (2H, br), 7.84 (IH, s), 7.67 (IH, m), 6.94 (IH, m) 5.80 (2H, s), 4.10 (2H, d), 

3.88 (3H, s), 2.98 (2H, t), 1.56 (2H, m), 1.29 (2H, m), 0.84 (3H, t). 

DMF (8.1 mL, 104 mmol). HATU (409 mg, 1.1 mmol) and DIPEA (170 jiL, 1.0 mmol) 

15 were added and the mixture was stirred at room temperature for 30 minutes. 4-(5-

Aminomethyl-2-butyi-imidazol-l-ylmethyl)-2,3-difluorobenzoic acid methyl ester 

dihydrochloride salt (401 mg, 1.0 mmol) was dissolved in DMF (1 ml) with DIPEA 

(170 p.L, 1.0 mmol) and added to the mixture. The mixture was stirred at room 

temperature for 2 hours. The reaction was then quenched with water, and the mixture 

20 extracted with EtOAc, washed with saturated aqueous NaCl, dried over MgSO<i, filtered 

and concentrated. The crude residue was then redissoived in 1:1 MeOH:NaOH (4 mL) and 

stirred at room temperature under nitrogen for 1 hour. The reaction was quenched with 

acetic acid and the mixture was concentrated. The product was purified by preparative 

HPLC (2-90%) to yield 108 mg of the title compound as a white solid. MS m/z: [M •+• H^] 

25 calcd forC22H29F2N303SJ454.19; found 454.2. 1 H-NMR (DMSO): 8.44 (4H, t), 7.59 (IH, 

t), 7.25 (IH, s), 6.62 (IH, t), 5.56 (2H, s), 4.24 (2H, m), 3.14 (2H, q), 2.79 (2H, t), 2.72 

(IH, d), 1.2-1.6 (7H, m), 0.78 (6H, d), 0.71 (3H, d). 

EXAMPLE 2 

10 4-(2-Butvl-5-r(^$')-2-mercapto-4-methvlpentanoviammo')methvlV 

imidazol-l-vlmethvU-23-difluorobenzoic Acid 

(S>2-Acetylsulfanyl-4-methylpentanoic acid (205 mg, 1.1 mmol) was dissolved in 
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PREPARATION 9 

2-Butvl-3-f4-methoxvcarbonvlben.zvO-3H-imidazoie«»4-carboxviic Acid (TFA Salt) 

\ 

4-(4-Bromo-2-butyl-5-formyI-imidazol-l~yimethyl)benzoic acid methyl ester (9a): 

5 5-Bromo-2-butyl-3H-imidazole-4-carbaldehyde (38 g, 160 mmol) was dissolved in DMF 

(400 mL, 5 mol). Potassium carbonate (27 g, 200 mmol) was added followed by methyl 4-

bromomethylbenzoate (38 g, 160 mmol) and the solution was stirred at room temperature 

overnight. The mixture was then concentrated and purified by silica gel chromatography 

(0-50% EtOAc:hexanes) to yield intermediate (9a) (32.2 g, 62.2 mmol). MS m/z\ [M + H+] 

10 calcd for Ci7Hi9N203Br, 379.3; found 379.1. 1 H-NMR (400 Mz, CD3OD) o (ppm): 0.82 (t, 

3H, J= 5 Hz), 1.28 (m, 2H), 1.54 (q, 2H, J= 5 Hz), 2.70 (t, 2H,J= 5 Hz), 5.69 (s, 2H), 

7.15 (d, 2H, J-5 Hz), 7.96 (d, 2H,J=5 Hz), 9.66 (s, IH). 

5-Bromo-2-butyi-3-(4-methoxycarbonyIbenzyl)-3H-imidazoie-4-carboxylic acid 

(9b): Intermediate (9a) (20 g, 50 mmol) was dissolved in 1 -butanol (580 mL, 6.3 mol). To 

15 this was added 2.0 M 2-methyl-2-butene in THF (295 mL), sodium dihydrogen phosphate 

(50.6 g, 422 mmol), and sodium chlorite (50.6 g, 559 mmol) in water (780 mL, 43 mol). 

The mixture was stirred at room temperature overnight then extracted with 500 mL EtOAc 

and washed twice with 250 mL of saturated sodium sulfite solution. The organic extract 

was dried over MgS04, concentrated, then purified by silica gel chromatography (0-50% 

20 EtOAc:hexanes) to yield intermediate (9b) (20 g, 50 mol). MS m/z: [M + H+] calcd for 

C17HI9N204Br, 395.3; found 397.2. 1 H-NMR (400 Mz, CDjOD): 6 (ppm) 0.82 (t, 3H, J = 
5 Hz), 1.27 (m, 2H), 1.53 (q, 2H,/= 5 Hz), 2.64 (t, 2H, J = 5Hz), 5.71 (s, 2H), 7.10 (d, 

2H, J= 5 Hz), 7.96 (d, 2H, J - 5 Hz). 

Intermediate (9b) (20 g, 50 mmol) was dissolved in MeOH (390 mL, 9.6 mol). 

25 TFA (4.33 mL, 56.2 mmol) was added to solubilize the material. The mixture was 

degassed under nitrogen and palladium 10% on carbon wt (G.54g, 5 mmol) was added. 

The mixture was placed under hydrogen and stirred at room temperature for 4 hours. The 

mixture was then filtered through a pad of Celite® and concentrated. The resulting residue 

was triturated with EtOAc and filtered to recover the title compound as a TFA salt (15.9 g, 



36.9 mmol). MS m/z: [M + H4] calcd for C17H20N2O4, 316.4; found 317.3. 1 H-NMR (400 

Mz, CD3OD): § (ppm) 0.85 (t, 3H, 5 Hz), 1.32 (m, 2H), 1.55 (q, 2H,/=5 Hz), 2.96 (t, 

2H, J- 5 Hz), 5.92 (s, 2H), 7.26 (d, 2H5 Hz), 8.00 (d, 2H, J-5 Hz), 8.2 (s, IH). 

EXAMPLE 3 
5 4-(2-Butvl-5-r/i?)-l-G-chlorobenzvlV2-hvdroxvcarbamovlethvlcarbamoy[] 

imidazol-l-vlmethvllbenzoic Acid (TFA salt) 

2-Butyl-3-(4-methoxycarbonyIbenzyl)-3H-imidazole-4-carboxylic acid TFA salt 

(2.7 g, 6.3 mmol) was dissolved in DMF (30 mL). The solution was stirced at room 

10 temperature and pentafluorophenol (1.2 g, 6.3 mmol), EDC (1.2 g, 6.3 mmol), and DIPEA 

(1.1 mL, 6.3 mmol) were added. The solution was allowed to stir at room temperature 

overnight. To this was added (7?j-3-amino-4-(3-chlorophenyl)butyric acid HCl salt (0.8 g, 

6.3 mmol) and DIPEA (I.I mL, 6.3 mmol), and the solution was stirred at 60 °C for 4 

hours. The crude reaction mixture was then allowed to cool to room temperature, 

15 concentrated under reduced pressure, then diluted with EtOAc. The organic solution was 

washed with 1M phosphoric acid, a saturated solution ofNaCl, then dried over MgS04. 

After filtration, the organic solution was concentrated under reduced pressure to afford the 

crude acid. 

The crude acid was then dissolved in DMF (30 mL). The solution was stirred at 

20 room temperature and pentafluorophenol (l.2g, 6.3 mmol), EDC (1.2 g, 6.3 mmol), and 

DIPEA (l.l mL, 6.3 mmol) were added. The resulting solution was allowed to stir at room 

temperature overnight. To this was added hydroxylamine HCl salt (450 mg, 6.3 mmol) 

and DIPEA (1.1 mL, 63 mmol), and the solution was stirred at 40 °C for 4 hours. The 

crude reaction mixture was allowed to cool to room temperature, concentrated under 

25 reduced pressure, and diluted with EtOAc. The organic layer was then washed with 1M 

phosphoric acid, a saturated solution of NaCl, and then dried over MgS04. After filtration, 

the mixture was concentrated under reduced pressure to afford the crude hydroxamate. 

The crude hydroxamate was dissolved in THF (10 mL) followed by addition of 1M 

NaOH (31.6 mL, 31.6 mmol). The mixture was stirred at 40 °C for 4 hours and then 
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acidified to pH 4 with I M HCL The aqueous solution was extracted three times with 

EtOAc, and the combined organic extracts were concentrated under reduced pressure to 

afford the crude material which was purified by reverse phase chromatography (1:1 

water:MeCN with 0.1% TFA) to obtain the title compound as a TFA salt (279 mg, 0.23 

5 mmol). MS m/z: [M + H""} calcd for C26H29CIN4O5, 513.18; found 513.5. lH-NMR (400 

Mz, (CD3)2SO): 5 (ppm) 0.74 (t, 3H,J= 5 Hz), 1.18 (q, 2H, J - 5 Hz), 1.41 (m, 2H), 2.20 

(d, 2H,J= 5 Hz), 2.68 (m, 3H), 4.36 (m, 2H), 5.71 (m, 2H), 7.11 (m, 5H,J= 5 Hz), 7.86 

(m, 2H), 8.00 (s, IH), 8.59 (s, IH). 

To a nitrogen-saturated suspension of N-triphenylmethyl-5-[4'-methylbiphenyI-2-

yl]tetrazole (10 g; 20.9 mmol) in DCM was added NBS (3.7 g, 20.9 mmol) and a catalytic 

amount of benzoyl peroxide (60 mg, 0.24 mmol). The mixture was stirred at reflux for 15 , 

15 hours. After cooling to room temperature, the precipitate was filtered and the organic 

solution was concentrated in vacuo. Silica gei chromatography (EtOAc:hexanes) gave the 

title compound as a white solid. 1 H-NMR (400 MHz, DMSO-dc): 6 (ppm) 4.61 (s, 2H), 

6.80 (d, 6H), 7.01 (d, 2H), 7.24 (d, 2H), 7.28-7.35 (m, 9H), 7.43-7.45 (dd, IH), 7.50-7.56 

(td, IH), 7.58-7.60 (Ed, IH), 7.77-7.79 (dd, IH). 

PREPARATION 10 

10 5-f4,-Bromomethvlbiphenvl-2-vl)-l-tritv}-lH-tetrazoie 
Br 
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PREPARATION 11 

C-(2-Butvl-3-r2,-nH-tetrazol-5-vlVbiphenvl-4-vlmethvn-3H-imidazoi-

vnmethvlamine'2fC-7HF-)Q?} 

5 2-Buty]-5-chJoro-3-[2'-(l-trity!-l H-tetrazol -5-y I)-bipheny I -4-y Imethy 1} -3 H-

imidazole-4-carbaldehyde (1 la): To a DMF (150 mL) solution of 5-(4'-brornomethyl-

biphenyl-2-yl)~l-trityl-lH-tetrazole (30 g, 53.8 mmol) was added 2-butyl-5-chloro-3H-

imidazole-4-carbaldehyde (10 g, 53.8 mmol) and K2CO3 (7.4 g, 53.8 mmol). The mixture 

was stirred at room temperature overnight. EtOAc (500 mL) was added and the organic 

10 was washed three times with a NaHC03 solution (200 mL) followed by saturated aqueous 

NaCl (200 mL). Solvent was removed and purification was achieved by silica gel 

chromatography (50:50 EtOAc:hexaries) using an isocratic gradient to provide intermediate 

(I la) a white solid (41 g). MS m/z: [M + H+] calcd for C41H35CIN6O, 663.26; found 663.4. 
iH-NMR(drMeOH): 0.83 (m, 3H), 1.26 (m, 2H), 1.53 (m, 2H), 2.53 (m, 2H), 5.56 (s, 

15 2H), 6.87-6.96 (m, 8H), 7.05 (m, 2H), 7.25-7.43 (m, 10H), 7.53-7.58 (m, 2H), 7.84 (d, IH), 

9.73 (s, IH). 

{2-Butyl-5-chloro-3-[2'-(l-trityl-lH-tetrazol-5-yl)-biphenyl-4-ylmethyl]-3H-

imidazol-4-y!}-methanol (lib): To an EtOH (500 mL) solution of intermediate (1 la) (41.0 

g, 61.8 mmol) was added solid'NaBHL? (2.8 g, 74.1 mmol). The mixture was stirred at 

20 room temperature for 1 hour. After cooling to 0 °CS the reaction was quenched by 

dropwise addition of a 50/50 solution of acetic acid/water until no effervescence was 

observed. EtOAc (500 mL) was added and the organic was washed three times with 

saturated aqueous NaCl (100 mL). Solvent was removed and purification was achieved by 

silica gel chromatography (50:50 EtOAc:hexanes) using an isocratic gradient to provide 

25 intermediate (lib) as a white solid (37 g). MS m/z: [M + H+] calcd for C41H37CIN6O, 

665.28; found 665.3. 1 H-NMR (d^-MeOH): 0.79 (m, 3H), 1.20 (m, 2H), 1.46 (m, 2H), 

2.45 (m, 2H), 4.30 (s, 2H), 5.19 (s, 2H), 6.83-6.90 (m, 8H), 7.05 (d, 2H), 7.23-7.33 (m, 

10H), 7.53 (m, 2H), 7.81 (d, IH). 



Methanesulfonic acid 2-butyl-5-chloro-3-[2'-(l-trityl-lH-tetrazol-5-yl)-biphenyl-4-

y Imethy l]-3H-imidazol-4-yImethyI ester (1 lc): To a DCM (200 mL) solution of 

intermediate (lib) (13.6 g, 20.4 mmol), cooled to -78 °C, was added methane sulfonyl 

chloride (6.3 mL, 81.6 mmol). The mixture was stirred at -78 °C for 15 minutes. A 

5 saturated NaHC03 solution (100 mL) and EtOAc (500 mL) were added to the cooled 

mixture, which was then allowed to reach room temperature. The organic was washed an 

additional three times with saturated aqueous NaCl (100 mL). After drying over sodium 

sulfate and filtration, the removal of solvent provided intermediate (lie) as a yellow oil 

(15 g) which was used directly in the next step. MS m/z: [M + H*] calcd for 

10 C42H39CIN6O3S, 743.26; due to the reactive nature of intermediate (11c), only the methanol 

substituted product was observed upon running a mass spectrum of the sample when 

dissolved in methanol; methanol substituted product [M + H+] = 679.6. 

5-[4'-(5-Azidomethyl-2-butyl-4-chloro-imidazol-l-ylmethyl)-biphenyl-2-yl]-l-

trityl-lH-tetrazole (1 Id): To a dimethyl sulfoxide (100 mL) solution of intermediate (1 lc) 

15 (15 g, 20 mmol) was added sodium azide (3.9 g, 60 mmol). The mixture was stirred at 

room temperature for 20 minutes. EtOAc (500 mL) and saturated aqueous NaCl (100 mL) 

were added and the layers were separated, retaining the organic layer. The organic was 

washed an additional three times with saturated aqueous NaCl (100 mL). After drying 

over sodium sulfate and filtration, the removal of solvent provided intermediate (lid) as a 

20 yellow solid (12 g), which was used directly in the next step. MS m/z: [M + FT] calcd for 

C4IH36C1N9> 690.29; found 690.5. 

C-{2-Butyl-5-chloro-3-[2'-(lH-tetrazol-5-yl)-biphenyl-4-ylmethyl]-3H-imidazol-4-

y 1}methylamine*2[C2HF302] (1 le): To a MeOH (150 mL) solution of intermediate (1 Id) 

(12 g, 17 mmol), was added palladium on carbon (6.0 g; 10% Pd w/w). The solution was 

25 first degassed and backfilled with nitrogen gas (1 atm) followed by additional degassing 

and backfilling with hydrogen gas (1 atm). The solution was then stirred at room 

temperature for 2-3 hours at which the azide reduction was 50% complete. Additional 

palladium on carbon (1.0 g; 10% Pd w/w) was added and the solution stirred under 

hydrogen. After 1.5 hours the reaction was complete, the mixture was degassed and 

30 backfilled with nitrogen prior to filtration through Celite. The filtrate was reduced to a 

volume of 50 mL. Into the filtrate was slowly added 6N HCl (150 mL) and the solution 

was stirred for 4 hours and then evaporated to dryness. Purification was accomplished by 

preparative HPLC (reverse phase) to provide intermediate (1 le) as a white solid bis-TFA 
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salt (4.0 g). MS m/z: [M + H+] calcd for C22^2AC\NI 422.\9\ found. 422.0. 1 H-NMR (d4-

MeOH): 0.89 (m, 3H), 1.35 (m, 2H), 1.59 (m, 2H), 2.88 (m, 2H), 4.20 (s, 2H), 5.58 (s, 2H), 

7.10 (d, 2H), 7.19 (d, 2H), 7.52-7.67 (m, 4H). 

To a MeOH (195 mL) solution of intermediate (1 le) (2.34 g, 5.5 mmol), was added 

IN NaOH (58 mL) and palladium on carbon (1.9 g; 10% Pd w/w). The solution was first 

degassed and backfilled with nitrogen gas (1 atm) followed by additional degassing and 

backfilling with hydrogen gas (1 atm). The solution was then stirred at room temperature 

for 2-3 hours. The solution was degassed and backfilled with nitrogen prior to filtration 

through Celite. Into the filtrate was slowly added IN HCl (58 mL) and the neutralized 

solution was evaporated to dryness. Purification was accomplished by preparative HPLC 

(reverse phase) to provide the title compound as a white solid bis-TFA salt (1.90 g). MS 

m/z: [M 4- H4] calcd for C22H25N7 388.22; found 388.2. 1 H-NMR (cU-MeOH): 0.91 (m, 

3H), 1.38 (m, 2H), 1.63 (m, 2H),3.00 (m, 2H),4.21 (s,2H),5.6l (s, 2H),7.10(d, 2H), 

7.19 (d, 2H), 7.52-7.67 (m, 4H), 7.74 (s, IH). 

^-2-r2-Benzyloxvcarbamovl-3-phenvpropionvlammo)succinic Acid 1-Methyl Ester 

2-Benzyl-N-benzyloxy-malonamic acid ethyl ester was prepared as described in 

Fournie-Zaluski etal. (1985) J. Med. Chem. 28(9):1158-1169). 

2-Benzyl-N-benzyloxy-malonamic acid (12a): To a solution of the 2-benzyl-N-

benzyloxy-malonamic acid ethyi ester (19 g, 58.1 mmol) dissolved in a mixture of THF (70 

mL) and MeOH (200 mL) was added a solution of NaOH (5.4 g, 135 mmol) in water (100 

mL). The mixture was stirred at room temperature for 24 hours, and evaporated to remove 

volatile organic solvents. The aqueous residue was diluted with water (200 mL), and 

washed with DCM (200 mL). The aqueous layer was saved and acidified to pH~4 by 

adding concentrated HCl. The desired product was precipitated, washed with water, 

dissolved in acetone (200 mL), and evaporated to dryness, affording intermediate (12a) as 

a white solid (14.2 g). 'H-NMR (CD3OD, 300 MHz) 6 (ppm) 7.20-7.06 (m, 5H), 4.60-4.56 

(d, IH), 4.42-4.38 (d, IH), 3.10-2.98 (m, 2H). 

PREPARATION 12 



2-Benzyl-N-benzyloxy-malonamic acid 2,5-dioxo-pyrrolidin-1 -y 1 ester (12b): 

Intermediate (12a) (0.5 g, 1.7 mmol) was added to N-hydroxysuccinimide (290 mg, 2.6 

mmol) and EDC (320 mg, 1.7 mmol) and dissolved in MeCN (6 mL). The mixture was 

stirred overnight at room temperature and then partitioned between EtOAc and 10% 

5 aqueous citric acid. The organic layer was separated, washed with saturated aqueous NaCl, 

dried over MgS04, filtered and concentrated to provide intermediate (12b) as a foam 

(0.8 g, 2 mmol). 

Intermediate (12b) (170 mg, 420 p.mol) was dissolved in MeCN (4 mL) and H-D-

Asp-OMe (0.09 g, 0.63 mmol) was added followed by solid NaHCOs (110 mg, 1.3 mmol) 

10 and water (1 mL). The reaction was stirred at room temperature overnight and then 

partitioned with EtOAc and aqueous HCl (0.01 N). The organic layer was washed with 

saturated aqueous NaCl, dried over MgS04, filtered, concentrated, and then purified by 

preparative HPLC to provide the title compound (80 mg, 190 jimol). 

EXAMPLE 4 
15 ^-N-f2-Butyl-3-f2 W2H-tetrazol-5-yQbiphenvl-4-vtmethyH-3H-imidazo]-4-ylmethyn-2-

(2-hvdroxvcarbamoyl-3-t?henvl-propionvlamino')succmamic Acid 
HO 

(£,)-2-(2-BenzyJoxycarbamoyl-3-phenylpropionylamino)succinic acid 1-methyl 

ester (70 mg, 160 fimoi) was mixed with DMF (1 mL). To this solution was added HATU 

20 (60 mg, 160 pmol) and the solution was stirred for 20 minutes. {2-Butyl-3-[2'-(lH-

tetrazol-5-yl)-biphenyl-4-ylmethyl]-3H-imidazol-4-yl}methylamine (60 mg, 160 jirnol) 

was then added followed by triethylamine (70 uL, 480 jimol). After approximately 5 hours 

the reaction was partitioned between EtOAc and 0.01 N HCL The aqueous layer was 

separated and extracted with EtOAc and the combined organic layers were washed with 

25 saturated aqueous NaCl, dried over MgS04, filtered and concentrated to yield 140 mg of a 

clear oil. The resulting oil was dissolved in MeOH (10 mL) and 1 N NaOH was added (0.5 
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mL). The mixture was then stirred at room temperature overnight and then briefly heated 

to 45 °C for 90 minutes. The mixture was then cooled and acetic acid (20 drops) was 

added followed by 10% palladium on carbon (25 mg) under an inert atmosphere. The 

reaction was then charged with hydrogen (1 atm) and stirred for 29 hours. The solution 

5 was then filtered, concentrated, and purified by preparative HPLC (reverse phase) to give 

the title compound as the TFA salt (18 mg, 20 fimol). MS m/z: [M + H4] calcd for 

C36H39N9O6, 694.30; found 694.4. 

EXAMPLE 5 

Following the procedures described in the examples above, and substituting the 

10 appropriate starting materials and reagents, compounds 5-1 to 5-42, having the following 

formula where R is an optional substituent, were also prepared: 

— \ // 

Ex. Ru R2 -X R5 R6 R1 R 
5-1 H Ci -C(G)NH-(CH2)6-

NHC(O)-
cyclohexylene-

NHC(O)-

-CH2-CH-
[CH2-o-(CH2)2-
OCH3>COOH 

R6 and R7 taken 
together to form 

cyclopentyl 

5-2 H Ci -C(0)NH-(CH2)4-
NHC(O)-

cyclohexylene-
NHC(O)-

-CHz-CH-
[CH2-o-(CH2)2-
ocHjj-cooH 

and R' taken 
together to form 

cyclopentyl 

5-3 H CI -C(0)NH-(CH2)r 
NHC(O)-

cyclohexyiene-
NHC(O)-

-CHrCH-
[CH2-o-(CH2):-
OCH3]-COOH 

R6 and R' taken 
together to form 

cyclopentyl 

5-4 H CI -C(0)NH-(CH2)4-
NHC(O)-

-SH benzyi H -

5-5 H CI -C(0)NH-(CH2)r 
NHC(0)-CH2-

NHC(O)-

-C(0)N(0H)H benzyl H 

5-6 H CI -C(0)NH-(CH2)4-
NHC(0)-CBr 

NHC(O)-

-C(0)N(0H)H benzyl H 

5-6 H CI -CH2-NHC(0)-
(CH2)2-NHC(OV 

-CH2SH benzyl H -

5-8 H CI -CH2-NHC(0)-
(CH2)rNHC(0>-

-SH benzyl H -

-103-



Ex. Rla R2 -X RA R6 R1 R 
5-9 H CI -CHrNHC(0)-

(CH2)2-NHC(0>-
cyclohexyiene-

NHC(O)-

-CHrCH-
[CH2-0-(CH2)2-
OCH3]-COOH 

Rb and R; taken 
together to form 

cyclopentyl 

5-10 H Ci -CHrNHC(0)-
(CH2)4-NHC(0)-
cyclohexyiene-

NHC(O)-

-CHrCH-
[CH2-0-(CH2)2-
OCH3]-COOH 

R6 and R' taken 
together to form 

cyclopentyl 

5-11 H CI -CHTNHC(O)-
(CH2)6-NHC(0)-
cyclohexyiene-

NHC(0>-

-CH2-CH-
[CH2-0-(CH2)2-
OCH3]-COOH 

R6 and R? taken 
together to form 

cyclopentyl 

5-12 H CI -CH2-NHC(0)- -SH benzyl H -
5-13 H Ci -CH2-NHC(0)- -SC(0)CH3 -CH(CH3) 

CH2CH3 
H -

5-14 H H -CH2-NHC(0)- -SH - -CH(CH3) 
CH2CH3 

H -

5-15 H H -CH2-NHC(0)- -C(0)N(0H)H -CH2CH-
(CH3)2 

H -

5-16 H H -CHrNHC(0)- -SC(0)CH, -CH2CH-
(CH,h 

H -

5-17 H Ci ~CH2-NHC(0)- -C(0)N(0H)H -CH(CH3) 
CH2CH3 

H -

5-18 H CI -CH2-NHC(0)- -C(0)N[0C(0) 
CH3]H 

-CH2CH-
(CH3>2 

H -

5-19 H H -C(0)NH- -CH2C(0}-
N(OH)H 

benzyl H -

5-20 H H -C(0)NH- -CH2C(0)-
N(OH)H 

-CH2CH-
(CH3)2 

H -

5-21 H H -CH2-NHC(0)- -CH2SH -CH2CH-
(CH3}2 

H -

5-22 H Ci -CH2-NHC(0)- -CH2SH -CH2CH-
(CH3)2 

H -

5-23 H H -CHrNHC(0>- -NHC(0> 
CH,SH 

-CH2CH-
(CH3)2 

H -

5-24 H Ci -CH2-NHC(0>- -C(0)N(0H)H cyclopentyl H -
5-25 H H -CH2-NHC(0)- -C(0)N(0H)H cyclopentyl H -
5-26 H -CHr 

OH 
-C(0)NH- -CH2C(0)-

N(OH)H 
benzyl H -

5-27 H Ci -CHrNHC(0)- -CH2SH -CHr 
cyciopropyl 

H -

5-28 H Ci -CH2-NHC(0)- -CH2SH -CH2CH-
rcH3}2 

H -

5-29 H. Ci -CH2-NHC(0)- -CH2SH benzyl H F 
5-30 H CI -CHrNHC(0)- -C(0)N(0H)H -CH3CH-

(CH3)7 

H F 

5-31 -CH3 Ci -CH2-NHC(0)- -CH2SH -CH2CH-
(CH,h 

H -

5-32 H Ci -CHrNHCfO)- -CH2SH -(CH2)3CH3 H -
5-33 H Ci -CHrNHC(0)- -CHjSH -(CH2)2-

CH(CH3)2 

H -
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Ex. Rla R2 -X R5 R6 R' R 
5-34 H Cl -CHrNHC(0)- -CH2SH -CH(CH3)-

CH2CH3 
H -

5-35 H Cl -CH2-NHC(0> -CH2SH -CH2-
cvclopentyl 

H -

5-36 H Cl ~CHrNHC(O)- -CH2SH -CH2-
cyclohexyl 

H -

5-37 H Cl -CH2-NHC(0)- -CH2SH -CHr 
naphthyi 

H -

5-38 H -CHr 
CH3 

-CH2-NHC(0)- -SH ~CH2CH~ 
(CH3)2 

H -

5-39 H -CHr 
CH3 

-CHrNHC(0}- -CH2SH -CH2CH-
(CH3)2 

H -

5-40 H cyclo-
propyl 

-CH2-NHC(0)- -CH2SH -CH2CH-
(CH3)2 

H -

5-41 H cyclo-
propyi 

-CH2-NHC(0)- -SH -CH2-
cyclopropyi 

H -

5-42 H -O-
CH3 

-CH2-NHC(0)- -CH2SH -CH-CH-
(CH3)2 

H -

(5-1) 4,-[2-butyl-5-(6-{[4-({ l-[2-carboxy-3-(2-methoxyethoxy)propyl] 

cy ciopentanecarbony 1} amino)cyciohexanecarbony l]amino} hexy Icarbamoy I)-4-

chloroimidazol-l-ylmethyl]biphenyl-2-carboxyiic acid. MS m/z: [M + H*] calcd for 

5 C4SH66CIN509, 892.46; found 892.2. 

(5-2) 4'-[2-butyl-5-(4-{[4-({l-[2-carboxy-3-(2~methoxyethoxy)propyl] 

cyc}opentanecarbonyl}amino)cyciohexanecarbonyi]amino} buty Icarbamoy i)-4-

chioroimidazol-l-ylmethyljbiphenyl-2-carboxylic acid. MS m/z: [M + H*] calcd for 

C46H62CIN5O9, 864.42; found 864.4. 

10 (5-3) 4'-[2-butyl-5-(2-{[4-({l-[2-carboxy-3-(2-methoxyethoxy)propyi] 

cyclopentanecarbonyl}amino)cyciohexanecarbonyl]-amino}-ethylcarbamoyl)-4-

chloroimidazol-l-ylmethyl]biphenyl-2-carboxylic acid. MS m/z: [M + H+] calcd for 

C44H58C1N509> 836.39; found 836.4. 

(5-4) 4'-{2-butyl-4-chioro-5-[4-(($-2-mercapto-3-phenyipropionylamino) 

15 butylcarbamoyl]imidazol-l-ylmethyl}biphenyl-2-carboxylie acid. MS m/z: [M + H+] calcd 

for C35H39CIN4O4S, 647.24; found 648.2. 

(5-5) 4'-(2-butyl-4-chloro-5-{2-[2-(2-hydroxycarbamoyl-3-phenylpropionylamino) 

acetylamino3ethylcarbamoyl}imidazoi-l-ylmethyl)biphenyl-2-carboxylic acid. MS m/z: [M 

+ H"1 calcd for C36H39CIN6O7, 703.26; found 704.2. 

20 (5-6) 4,-(2-butyl-4-chIoro-5-{4-[2-(2-hydroxycarbamoyl-3-phenylpropionylamino) 

acetylamino]butylcarbamoyl}imidazol-l-ylmethyl)biphenyl-2-carboxylic acid. MS m/z: 
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[M + H*] calcd for C38H43CIN6O7, 731.29; found 732.2. 
(5-7) 4,-(5-{[3-(2-benzyl-3-mercapto-propionylamino)propionyiamino]methyl}-2-

butyl-4-chloroimidazol-1 -ylmethyl)biphenyl-2-carboxylic acid. MS m/z: [M + H*] calcd 

for C35H39CIN4O4S, 647.24; found 647.2. 
5 (5-8) 4'-(2~butyl-4-chloro-5-{[3-((s)-2-mercapto3-phenylpropionylarmno) 

propionylamino]methyl}-imidazol-l-ylmethyl)biphenyl-2-carboxylic acid. MS m/z: [M + 

H+] calcd for C34H37aN404S, 633.22; found 633.2. 

(5-9) 4,-{2~butyU5-[(3-{[4-({l-[2-carboxy-3~(2-methoxyethoxy)propyl] 

cyclopentanecarbonyl}ammo)-cyciohexanecarbonyl]amino}propiony[amino)methyl]-4-

10 chloroimidazoi-1 -ylmethy 1} bipheny l-2-carboxylic acid. MS m/z: [M + H+] calcd for 

C45H60CIN5O9, 850.41; found 850.4. 
(5-10) 4,-{2-butyl-5-[(5-{[4-({l-[2-carboxy-3-(2-methoxyethoxy)propyl] 

cyclopentanecarbonyl}amino)cyclohexanecarbonyl3amino}pentanoylamino)methyl]-4-

chloroimidazol-l-ylmethyl}biphenyl-2-carboxylic acid. MS m/z: [M + H+] calcd for 

15 C47H64C1N509) 878.44; found 878.4. 
(5-11) 4'-{2-butyl-5-[(7-{[4-({l-[2-carboxy-3-(2-methoxyethoxy)propyi] 

cyclopentanecarbonyl}amino)cyclohexanecarbonyl]amino} heptanoylamino)methyl}-4-

chloroimidazol-l-yLmethyl}biphenyl-2-carboxylic acid. MS m/z: [M + H+] calcd for 

C^HfigCINsOg, 906.47; found 906.4. 
20 (5-12) 4'-{2-butyl-4-chloro-5-[((s)-2-mercapto-3-phenylpropionylamino)methyl] 

imidazoi-l-yimethyl}biphenyl-2-carboxyIic acid. MS m/z: [M+ H4"} calcd for 

C3,H32C1N303S, 562.19; found 562.3. 

(5-13) 4,-{5-[(2-acetylsulfanyl-3-methyipentanoylamino)methyl3-2-buty!-4-

chloroimidazol-l-ylmethyl}biphenyl-2-carboxylic acid. MS m/z: [M + H+] calcd for 

25 C30H36ON3O4S, 570.21; found 570.3. 
(5-14) 4'-{2-butyl-5-[(2-mercapto-3-methyipentanoylamino)methyl]imidazo!-l-

ylmethyl}biphenyi-2-carboxylic acid. MS m/z: [M + H*] calcd for C2gH3sN303S, 494.24; 

found 494.2. 

(5-15) 4'-{2-butyl-5-[(2-hydroxycarbamoyl-4-methylpentanoylamino)methyI] 

30 imidazol-1 -ylmethyI}bipheny 1-2-carboxylie acid. MS m/z: [M + H*] calcd for 

C29H36N405, 521.27; found 521.2. 'H-NMR(DMSO) 10.6 (IH, s), 8.28 (IH, t), 7.71 (IH, 

d), 7.56 (IH, t), 7.44 (IH, d), 7.41 (IH, d), 7.31 (3H, t), 7.15 (2H, d), 5.49 (2H, s), 4.24 

(2H, d), 2.98 (IH, t), 2.89, 2H, t), 1.45, (5H, m), 1.2 (2H, q), 0.77 (9H, m). 
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(5-16) 4'-{5-[(2-acetylsulfanyl-3-methylpentanoylamino)methyl]-2-butylimidazol-l-

ylmethyl}biphenyl-2-carboxylic acid. MS m/z: [M + H+] calcd for C30H37N3O4S, 536.25; 

found 536.5. 

(5-17) 4,-{2-butyl~4-chloro-5-[(2-hydroxycarbamoyi-4-methylpentanoyiarnino) 

methyI] imidazoi-1-ylmethy 1} biphenyl-2-carboxylic acid. MS m/z: [M + H+] calcd for 

C29H35CIN4O5, 555.23; found 555.4. 
(5-18) 4'-{5-[(2-acetoxycarbamoyl-4-methyl-pentanoylamino)-methyl}-2-butyl-4-

chloroimidazol-l-ylmethyl}biphenyl-2-carboxylic acid. MS m/z: [M + H+] calcd for 

C31H37CIN4O6, 597.24; found 597.2. 

(5-19) 4*-[2-butyl-5-(l-hydroxycarbamoylmethyl-2-phenylethylcarbamoyl)imidazol-l-

ylrnethyl]bipheny!-2-carboxylic acid. MS m/z: [M + H4] calcd for €32^4^05, 555.25; 

found 556.4. 

(5-20) 4'-[2-butyl-5-(l-hydroxycarbamoylmethyl-3-methylbutylcarbamoyl)imidazol-

l-yImethyI]biphenyl-2-carboxylic acid. MS m/z: [M + H4] calcd for C29H36N4O5, 521.27; 

found 522.4. 

(5-21) 4'-{2-butyl-5-[(2-mercaptomethyl-4-methylpentanoyiammo)methyl]imidazoi-

1 -yImethy 1} bipheny 1-2-carboxylic acid. MS m/z: [M + H4"] calcd for C29H37N3O3S, 

508.26; found 508.2. 

(5-22) 4'-{2-butyl-4-chloro-5-[(2-mercaptomethyl-4-methylpentanoyiamino)methyl] 

imidazol-1 -ylmethy 1} biphenyl-2-carboxylic acid. MS m/z: [M + H+] calcd for 

C29H36CIN3O3S, 542.22; found 542.4. 1H-NMR (DMSO) 8.4 (IH, t), 7.69 (IH, d), 7.53 

(IH, t), 7.42 (IH, t), 7.33 (IH, d), 7.27 (2H, d), 7.01 (2H, d), 5.23 (2H, s), 4.18 (2H, m), 

2.35 (IH, m), 2.05 (IH, t), 1.45 (2H, m) 1.38 (2H, m) 1.2 (3H, m), 0.77 (9H, m). 

' (5-23) 4,-(2-butvI-5-{[2-(2-mercapto-acetylamino)-4-methylpentanoylamino]methyI} 

imidazol-l-ylmethyl)biphenyl-2-carboxylic acid. MS m/z: [M + Hi calcd for 

C30H38N4O4S, 551.26; found 551.3. 

(5-24) 4'-{2-butyl-4-chloro-5-[(2-cyclopentyl-2-hydroxycarbamoylacetylamino) 

methyl]imidazol-l-yimethy/}biphenyi-2-carboxyiic acid. MS m/z: [M + H+] calcd for 

C30H35CIN4O5, 567.23; found 567.3. 

0 (5-25) 4'-{2-butyl-5-[(2-cyclopentyl-2-hydroxycarbamoylacetylamino)methyI] 

imidazol-l-ylmethyl}biphenyl-2-carboxylic acid. MS m/z: [M + H4"] calcd for 

C30H36N4O5, 533.27; found 533.3. 

(5-26) 4'-[2-butyl-5-(l-hydroxy carbamoylmethyl-2-pheny-ethylcarbamoyl)-4-
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hydroxymethy limidazol-1 ~y lmethyl]biphenyl-2-carboxylic acid. MS m/z: [M + H+] calcd 

for C33H36N4O6, 585.26; found 585.2. 

(5-27) 4,-{2-butyl-4-chloro-5-[(2-cyclopropylmethyl-3-mercaptopropionylamino) 

methyl]imidazol-l-ylmethyI}biphenyl-2-carboxylic acid. MS m/z: [M + FT] calcd for 

5 C29H34CIN3O3S, 540.20; found 540.0. 

(5-28) 4'-{2-butyi-4-chloro-5-[((r)-2-mercaptomethyl-4-methylpentanoylamino) 

methyljimidazol-1-y Imethy l}biphenyl-2-carboxylic acid. MS m/z: [M + FT] calcd for 

C29H36CIN3O3S, 542.22; found 542.4. 'H-NMR (DMSO) 8.4 (IH, t), 7.69 (IH, d), 7.53 

(IH, t), 7.42 (IH, t), 7.33 (IH, d), 7.27 (2H, d), 7.01 (2H, d), 5.23 (2H, s), 4.18 (2H, m), 

10 2.35 (IH, m), 2.05 (IH, t), 1.45 (2H, m) 1,38 (2H, m) 1.2 (3H, m), 0.77 (9H, m). 

(5-29) 4,-{5-[(2-benzyl-3-mercapto-propionylamino)methyl]-2-butyl-4-

chloroimidazol-1 -ylmethyI} -3-fluorobiphenyl-2-carboxylie acid. MS m/z: [M + FT] calcd 

for C32H33CIFN3O3S, 594.19; found 594.4. 

(5-30) 4'-{2-butyi-4-chloro-5-[(2-hydroxycarbamoyI-4-methylpentanoylamino) 

15 methyljimidazol-l-y Imethyl }-3-fluorobiphenyl-2-carboxylic acid. MS m/z: [M + HT] calcd 

for C29H34CIFH4O5, 573.22; found 574. 

(5-31) 4,-{2-butyl-4-ehloro-5-[((5)-2-mercaptomethyl-4-methylpentanoylamino) 

methyl]imidazoi-l-ylmethyl}biphenyl~2-carboxyiic acid methyl ester. MS m/z: [M + FT*"] 

calcd for C30H38CIN3O3S, 556.23; found 556.2. 

20 (5-32) 4,-{2-butyl-4-chloro-5-[(2-mercaptomethylhexanoylamino)methyI]imidazol-l-

yImethyl} biphenyi-2-carboxylie acid. MS m/z: [M + H*] calcd for C29H36CIN3O3S, 

542.22; found 542.2. 

(5-33) 4,-{2-butyl-4-chloro-5-[(2-mercaptomethyl-5-methylhexanoylamino)methyl] 

imidazol-1 -ylmethy!} biphenyl-2-carboxylic acid. MS m/z: [M + H+] calcd for 

25 C3OH38CIN303S5 556.23; found 556.2. 

(5-34) 4,-{2-butyl-4-chloro-5-[(2-mercaptomethyl-3-methylpentanoylammo)methyl] 

imidazol-1 -yImethyl}biphenyl-2-carboxylic acid. MS m/z: [M + FT] calcd for 

C29H36C1N303S, 542.22; found 542.2. 

(5-35) 4,-{2-butyl-4~chloro-5-[(3-cyclopentyl-2-mercaptomethylpropionylamino) 

30 methyljimidazol-1-y Imethyl }biphenyl-2-carboxylic acid. MS m/z: (M + H*] calcd for 

C31H38CIN3O3S, 568.23; found 568.2. 

(5-36) 4'-{2-butyl-4-chloro-5-[(3-cyclohexyl-2-mercaptomethylpropionylamino) 

methyljimidazol-1-y Imethyl }biphenyl-2-carboxylic acid. MS m/z: [M + H*] calcd for 
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C32H40ON3O3S, 582.25; found 582.2. 

(5-37) 4'-{2-butyl-4-chloro-5-[(2-mercaptomethyl-3-naphthaien-l-yipropionyiammo) 

methyl]imidazol-1 -yImethy 1}bipheny 1-2-carboxy lie acid. MS m/z: [M + FT] calcd for 

C36H36C1N303S5 626.22; found 626.2. 

5 (5-38) 4'-{2-butyl-4-ethyi-5-[((/5)-2-mercapto-4-methyipentanoy}amino)methyl]-

imidazol-l-ylmethyl}-biphenyl-2-carboxylic acid. MS m/z: [M+H+] calcd for 

C30H39N3O3S, 522.27; found 522.4. 

(5-39) 4'-{2-butyl-4-ethyl-5-[((5'/)-2-mercaptomethyl-4-

methylpentanoylamino)methyl]-imidazol-l-ylmethy!}-bipheny 1-2-carboxylic acid. MS 

10 m/z: [M+Hf] calcd for C3iH4!N303S, 536.29; found 536.4. 

(5-40) 4'-{2-butyl-4-cycIopropyl-5-[(CS>2-mercaptomethyl-4-

methylpentanoyiamino)methyl]-imidazoi-l-ylmethyl}'biphenyl-2-carboxyiic acid. MS 

m/z: [M+H4"] calcd for C32H41N3O3S, 548.29; found 548.4. 

(5-41) 4'-{2-butyl-4-cyciopropyl-5-[((^-3-cyclopropyl-2-mercapto-

15 propionylamino)methyI)-imidazoi-1 -yImethyl }-biphenyl-2-carboxylic acid. MS m/z: 

[M+H"] calcd for C3IH37N3C>3S, 532.26; found 532.2. 

(5-42) 4'-{2-butyl-5-[({7?>2-mercaptomethyI-4-methyipentanoyiamino)methyl]~4-

methoxy-imidazol-I-ylmethyl}-biphenyl-2-carboxylic acid. MS m/z: [M+H*] calcd for 

C30H39N3O4S, 538.27; found 538.6. 

20 EXAMPLE 6 

Following the procedures described in the examples above, and substituting the 

appropriate starting materials and reagents, compounds 6-1 to 6-44, having the following 

formula, were also prepared: 

Ex. K2 -X R3 R6 R' 
6-1 Cl -CHrNHC(0)-

cyclohexylene-
NHC(O)-

-CHrCH-
[CH2-0-(CH2)r0C 

H3I-COOH 

Rb and R7 taken together 
to form cyciopentyl 

6-2 Cl -C(0)NH-(CH2)2-
NHC(O)-

cyciohexylene-
NHC(O)-

-CH2~CH-
[CH2-0-(CH2)2-OC 

H3]-COOH 

R6 and R' taken together 
to form cyclopentyl 
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' Ex. R1 -X Rs R6 R* 
6-3 Ci -C(0)NH-(CH2y 

NHC(O)-
cyclohexyiene-

NHC(O)-

-CHrCH-
[CH2-0-(CH2)2-0C 

H3]-COOH 

RQ and R' taken together 
to form cyclopentyi 

6-4 Ci -C(0)NH-(CH2)6-
NHC(O)-

cyclohexylene-
NHC(O)-

-CH2-CH-
[CH2-0-(CH2)2-0C 

H3]-COOH 

R6 and R7 taken together 
to form cyciopentyl 

6-5 Cl -C(0)NH-(CH2)4~ 
NHCfOV 

-CH2SH benzyl H 

6-6 Cl -C(0)NH-(CH2)4-
NHC(O)-

-SH benzyl H 

6-7 CI -CHrNHC(0>-
(CH2>2-NHC(OV 

-CH2SH benzyl H 

6-8 Cl -CHrNHC(O)-
(CH2)4-NHC(0>-

-CH2SH benzyi H 

6-9 Ci -CHrNHC(0)-
(CH2)fi-NHC(0)-

-CH2SH benzyl H 

6-10 Cl -C(0)NH-(CH2)2-
C(0}N(0HVCH?-

-C(0)NH-
fCH.COOH) 

benzyl H 

6-11 Cl -C(0)NH-(CH2>4-
CH(COOH)-

NHCfOV 

-C(0)N(OH)H benzyl H 

6-12 Ci -C(0)NH-(CH2>4-
CH(COOH>-

NHCfOV 

-CH2SH benzyl H 

6-13 Cl -CH2-C(0)NH-
(CH2)2-NHC(0)-
cyclohexyiene-

NHC(O)-

-CH2-CH-
[CH2-0-(CH2)r0C 

H3]-COOH 

R6 and R7 taken together 
to form cyclopentyl 

6-14 Cl -CH2-NHC(0)-
(CH2)4-NHC(0)~ 
cyclohexylene-

NHCfOV 

-CH2-CH-
[CH2-0-(CH2)2-0C 

H3]-COOH 

R6 and R' taken together 
to form cyclopentyi 

6-15 Cl -CH3~N(0H)C(0)-
cyclohexyiene-

NHC(0>-

-CHZ-CH-
[CH2-0-(CH2)2-0C 

H3I-COOH 

R6 and R7 taken together 
to form cyclopentyl 

6-16 Cl -C(0)NH-CHr 
CH(COOH)-CH2-

-C(0)NH-
(CH2COOH) 

Rfc and R7 taken together 
to form cyclopentyl 

6-17 Cl -CH2-NHC(0)-CH2-
CH(COOH)-

NHC(O)-

-C(0)N(0H)H benzyl H 

6-18 H -CH2-NHC(0)-CH2-
CH(COOH)-

NHC(O)-

-C(0)N(0H)H benzyi H 

6-19 Ci -CH2-NHC(0)-
(CH2)2-CH(COOH)-

NHC(O)-

-C(0)N(0H)H benzyl H 

6-20 Ci -C(0)NH-CH2-
CH(COOH)-CH2-

-C(0)NH-CH(CH2-
phenyl-

OH)(COOH) 

R6 and R7 taken together 
to form cyclopentyl 
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Ex. R2 -X R' R6 R7 

6-21 Cl -C(0)NH-(CH2)j-
CH(COGH)-

NHC(O)-

-C(0)N(0H)H ben2yl H 

6-22 Cl -C(0)NH-(CH2)r 
CH(COOH)-

NHC(O)-

-C(0)N(0H)H benzyl H 

6-23 Cl -C(0)NH-(CH2)<-
CH(COOH)-

NHC(O)-

-CHjSH -CH2-biphenyi H 

6-24 Ci -C(0)KH-(CH2)4-
CH(COOH)-

NHC(O)-

-C(0)N(0H)H -CH2-biphenyi H 

6-25 H -C(0)NH-(CH2)r 
CH(COOH)-

NHC(O)-

-C(0)N(0H)H benzyl H 

6-26 H -CH2-NHC(0)-CH2-
CH(COOH)-

NHCfO)-

-NH-CH2-
P(0)(0H)2 

-CH2-biphenyl H 

6-27 H -C(0)HH-(CH2)4-
CH(COOH)-

NHCfO)-

-C(0)N(0H)H benzyl H 

6-28 H -CH3-NHC(0)-CH,-
CH(COOH)-

NHC(O)-

-C(0)NH3 benzyl H 

6-29 Cl -CH2-NHC(0)- -SCfO)CH3 benzyl H 
6-30 Cl -CHrNHC(0)- -CH3SC(0)CH3 ~CH(CH3h H 
6-31 Cl -CH2-NHCfO)- -CfO)N(OH)H -CH2CH(CH,h H 
6-32 Cl -CfO)NH- -CH2C(0)N(0H)H benzyl H 
6-33 H -C{Q)NH- -CH3C(0)N(0H)H -CH2CH(CH.}? H 
6-34 Cl -CHrNHC(O)- -CH.SH -CH?CH(CH3)7 H 
6-35 H -CfO)NH- -CH?C(0)N(0H)H benzyl H 
6-36 H -CH3-NHC(0}- -CH3SH -CH2CH(CH3), H 
6-37 H -CH3-NHC(0>- -C(0)N(0H)H -CH?CH(CH3)? H 
6-38 Ci -CH2-NHC{0)- -CH2SH -CH2CH(CH07 H 
6-39 H -CHrNHCfOV* -CHTSH -CH2CH(CH,)? H 
6-40 H -C(0)NH- -CH2C(0)N(0H)H 2-trifluoro-

methy [benzyl 
H 

6-41 H -CH3-NHC(0)- -CH2SH -CH2CH(CH3)7 H 
6-42 Cl -CHrNHC(O)- -CH2SH -CH2CH(CHO? H 
6-43 H -C(0)NH- -CH2SH -CH2CH(CH,>, H 
6-44 Cl -CHrNHC(O)- -SH CH2CH(CHib H 

(6-1) 3-{l-[4-({2-butyl-5-chloro-3-[2'-(lH-tetrazol-5-yi)biphenyI-4-ylmethyl]-3H-

imidazol-4-ylmethyl}carbamoyl)cyclohexy}carbamoyl]cyclopentyl}-2-(2-

methoxyethoxymethyl)propionic acid. MS m/z: [M + H+] calcd for C42H55CIN8O6, 803.39; 

5 found 803.0. 

(6-2) 3-(l-{4-[2-({2-butyl-5-chloro-3-[2'-(lH-tetrazol-5-yI)biphenyM-yimethyi]-

3H-imidazole-4-carbonyi}-amino)-ethylcarbanioyl]-cyclohexylcarbamoyl}-cyclopentyi)-2-
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(2-methoxy-ethoxymethyl)-propionic acid. MS m/z: [M + H+] calcd for C44H5gClN907, 

860.42; found 860.2. 

(6-3) 3-(l-{4-[4-({2-butyl-5-chloro-3-[2,-(lH-tetrazol-5-yl)biphenyl-4-ylmethyl]-

3H-imidazole-4-carbonvl}amino)butylcarbamoyl] cyclohexyIcarbamoy 1}cyclopentyl)-2-

5 (2-methoxyethoxymethyI)propionic acid. MS m/z: [M+ H*] calcd for C46H62CIN9O7, 

888.45; found 888.4. 

(6-4) 3-(l-{4-[6-({2-butyI-5-chloro-3-[2'-(lH-tetrazol-5-yl)biphenyl-4-ylmethyl]-

3H-imida2ole-4-carbonyl}amino)hexylcarbamoyl]cyciohexylcarbamoyi}cyciopentyi)-2-

(2-methoxyethoxymethyl)propionic acid. MS m/z: [M + FT] calcd for C48H66CIN9O7, 
10 916.48; found 916.4. 

(6-5) 2-butyl-5-chloro-3-[2,-(lH-tetrazol-5-yl)biphenyl-4-ylmethyl]-3H-imidazole-4-

carboxylic acid [4-(2-benzyl-3-mercaptopropionylamino)butyl)amide. MS m/z: [M + H*] 

calcd for C36H4]CIN802S, 685.28; found 685.2. 

(6-6) 2-butyl-5-chloro-3-[2'-(2H-tetrazol-5-yl)biphenyl-4-yknethyl]-3H-imidazole-4-

15 carboxylic acid [4-((^-2-mercapto-3-phenyipropionyiamino)butyl]amide. MS m/z: [M + 

FT] caicd for C35H39CIN8O2S, 671.26; found 671.2. 

(6-7) N-[2-({2-butyl-5-chloro-3-[2,-(lH-tetrazoi-5-yl)biphenyl-4-ylmethyl]-3H-

imidazol-4-ylmethyl}carbamoyl)ethyi]-2-mercaptomethyl-3-phenylpropionamide. MS m/z: 
[M + FT] calcd for C35H39C1N802S, 671.26; found 671.2. 

20 (6-8) 5-(2-mercaptomethyl-3-phenylpropionylamino)pentanoic acid {2-butyl-5-

chloro-S-^'^lH-tetrazoS-S-yO-biphenyl^-ylmethylj^H-imidazoM-ylmethyllamide. MS 

m/z: [M + H+] calcd for C37H43CIN8Q2S, 699.29; found 699.2. 

(6-9) 7-(2-mercaptomethyl-3-phenylpropionyiamino)heptanoic acid {2-butyl-5-

chloro-3-[2,-(lH-tetrazol-5-y})-biphenyl-4-ylmethyl)-3H-imidazol-4-ylmethyI}amide. MS 

25 m/z: [M + H+] caicd for C39H47CIN8O2S, 727.32; found 727.2. 

(6-10) [2-({[3-({2-butyl-5-chloro-3-[2'-(2H-tetrazol-5-yl)biphenyl-4-ylmethyl]-3H-

imidazoie-4-carbony I} amino )propionyl]hydroxyamino} methy l)-3-pheny Ipropiony lamino] 

acetic acid. MS m/z: [M + FT] calcd for C37H40CIN9O6, 742.28; found 742.2. 

(6-11) f$-6-({2-butyl-5-chloro-3-[2'-(2H-tetrazol-5-yl)biphenyl-4-ylmethyl]-3H-

30 imidazole-4-carbonyl}amino)-2-(2-hydroxycarbamoyl-3-phenylpropionylamino)hexanoic 

acid. MS m/z: [M + FT1"] calcd for C38H42C1N906, 756.30; found 756.2. 

(6-12) (^-2-(2-benzyl-3-mercapto-propionylamino)-6-({2-butyl-5-chloro-3-[2'-(2H-

tetrazol-5-yl)-biphenyi-4-ylmethy!]-3H-imidazole~4-carbonyl}amino)hexanoic acid. MS 
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m/z: [M + It) calcd for C38H43C1N804S, 743.28; found 743.2. 

(6-13) 3-(l-{4-[2-({2-butyl-5-chloro-3-[2'-(lH-tetrazol-5-yl)biphenyl-4-ylmethyI3-

3H-imidazoi-4-ylmethyl}carbamoyl)ethylcarbamoyl]cyclohexylcarbamoyi}cyclopentyl)-2-

(2-methoxy-ethoxymethyl)propionic acid. MS m/z: [M + H+] calcd for C45H60CIN9O7, 

5 874.43; found 874.6. 

(6-14) 3-(l-{4-[4-({2-butyl-5-chloro-3-[2,-(lH-tetrazol-5-yl)biphenyl-4-ylmethyl]-

3H-imidazol-4-ylmethyl}carbamoyl)butylcarbamoyl]cyclohexylcarbamoyl}cyclopentyl)-

2-(2-methoxyethoxymethyl)propionic acid. MS m/z: [M + H+) calcd for C47H64CIN9O7, 

902.46; found 902.5 

10 (6-15) 3-{l-[4-({2-butyl-5~chloro-3-[2'-(lH-tetrazoi-5-yl)biphenyl-4-ylmethyl]-3H-

imidazol-4-ylmethyl}hydroxycarbamoyl)cyclohexylcarbamoyl]cyclopentyI}-2-(2-

methoxyethoxymethyl)propionic acid. MS m/z: [M + H*] calcd for C42H55QN8O7, 819.39; 

found 819.5. 

(6-16) 2-[({2-butyl-5-chioro-3-{2'-(lH-tetrazoi-5-yi)biphenyl-4-yimethyi]-3H-

15 imidazole-4-carbony I} amino)methy l]-3-[ 1 -(carboxymethylcarbamoyl)cyclopenty 1] 

propionic acid. MS m/z: [M + H*] calcd for C34H39ClNg06, 691.27; found 692.2. 

(6-17) (ft>N-{2-butyi-5-chloro-3-[2,-(iH-tetrazol-5-yI)biphenyM--ylmethyi]-3H-

imidazol-4-ylmethyi}-2-(2-hydroxycarbamoyl-3-phenyipropionyiamino)succinamic acid. 

MS m/z: [M + H*] calcd for C36H38CIN9O6, 728.26; found 728.5. 

20 (6-18) ^-N-{2-butyl-3-[2'-(2H-tetrazol-5-yl)biphenyl-4-ylmetbyl]-3H-imidazol-4-

ylmethyl}-2-(2-hydroxycarbamoyl-3-phenylpropionylamino)succinamic acid. MS m/z: [M 

+ H4"] caicd for C36HMN906, 694.30; found 694.5. 

(6-19) ^-4-({2-butyl-5-chloro-3-[2,-(lH-tetrazol-5-yl)biplienyl-4-ylmethyl}-3H-

imidazol-4-ylmethyl}carbamoyl)-2-(2-hydroxy carbamoyl-3-phenylpropionylamino)butyric 

25 acid. MS m/z: [M + H4"] calcd for CwHtoCW&e, 742.28; found 742.5. 

(6-20) 2-[({2-butyl-5-chloro-3-[2'-(IH-tetrazol-5-yI)biphenyl-4-ylmethyl]-3H-

imidazole-4-carbonyI }amino)methyl]-3- {1 -{/SH -carboxy-2-(4-hydroxyphenyI) 

ethyIcarbamoyljcyclopentyl}propionic acid. MS m/z: [M + HT] calcd for C41H45CIN8O7, 

797.31; found 797.2. 

30 (6-21) (^/)-5-({2-butyl-5-chloro-3-[2,-(!H-tetra2ol-5-yl)biphenyl-4-ylmethyl3-3H-

imidazole-4-carbonyl}amino)-2-(2-hydroxycarbamoyl-3-phenylpropionylamino)pentanoic 

acid. MS m/z: [M + H*] calcd for C37H40CIN9O6, 742.28; found 742.5. 

(6-22) (S/)-4-({2-butyU5-chioro-3-[2,-(lH-tetrazol-5-yl)biphenyl-4-ylmethyl]-3H-
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imidazoie-4-carbonyl}amino)-2-(2-hydroxycarbamoyl-3-phenylpropionylamino)butyric 

acid. MS m/z: [M + H+] caicd for C36U3&Cm90&, 728.26; found 728.5. 

(6-23) CS,)~2-(2-biphenyl-4-ylmethyl-3-mercaptopropionylamino)~6-({2-butyl-5-

chioro-3-[2'-(lH-tetrazol-5-yI)biphenyl-4-ylmethyl]-3H-imidazoie-4-carbonyl} amino) 

5 hexanoic acid. MS m/z: [M + H+] calcd for C44H47CIN8O4S, 819.31; found 819.7. 

(6-24) ('1Sj-2-(3-biphenyi-4-yl-2-hydroxycarbamoyipropionyiamino)-6-({2-butyl-5-

chloro-3-[2,-OH-tetrazol-5-yl)biphenyl-4-ylmethyl]-3H--irnidazole-4-carbonyl} amino) 

hexanoic acid. MS m/z: [M + H+] caicd for C44H46CIN9O6, 832.33; found 832./. 

(6-25) f1S/)-4-({2-butyl-3-[2'-(lH-tetrazol-5-yl)-biphenyl-4-ylmethyl]-3H-imidazole-4-

10 carbonyl}amino)-2-(2-hydroxycarbamoyI-3-phenylpropiony!amino)butyric acid. MS m/z: 

[M + H*] calcd for 694.30; found 694.5. 

(6-26) fSJ-2-[^S/)-3-biphenyl-4-yl-2-(phosphonomethylamino)propionyiamino]-N-{2-

butylo-jT-OH-tetrazol-S-yObiphenyM-ylmethyl^H-imidazoM-ylmethyllsuccinamic 

acid. MS m/z: [M + H+] calcd for C42H46N9O7P, 820.33; found 820.3. 

15 (6-27) {^-6-({2-butyI-3-[2'"(lH-tetrazol~5-yl)bipheny!-4-ylmethyl]~3H-imidazole-4-

carbonyl}amino)-2-(2-hydroxycarbamoyl-3-phenylpropionylamino)hexanoic acid. MS 

m/z: [M + H*] calcd for C3SH43N9O6, 722.33; found 722.3. 

(6-28) fi?)-N-{2-butyl-3-[2'-(lH-tetrazol-5-yi)biphenyl-4-ylmethyl]-3H-imidazol-4-

ylmethyl}-2-(2-carbamoyl-3-phenylpropionylamino)succinamic acid. MS m/z: [M + H+] 

20 calcd for C36H39N9O5, 678.31; found 679.4. 

(6-29) thioacetic acid S-[l-({2-butyl-5-chioro-3-[2,-(lH-telrazoi-5-yl)-biphenyl-4-

ylmethyl]-3H-imidazol-4-ylmethyi}carbamoyl)-2-phenylethyl]ester. MS m/z: [M + H+] 

caicd for C33H34C1N702S, 628.22; found 628.5. 

(6-30) thioacetic acid S-[2-({2-butyl-5-chloro-3-[2!-(lH-tetrazol-5-yl)biphenyl-4-

25 ylmethyl]-3H-imidazol-4-ylmethyl}carbamoyl)-3-methylbutyl]ester. MS m/z: [M + H*] 

calcd for C3oH36CiN702S; 594.23; found 594.5. 

(6-31) N-{2-butyl-5-chioro-3-[2'-(lH-tetrazol-5-yl)biphenyl-4-ylmethyl]-3H-

imidazol-4-ylmethyl}-N,-hydroxy-2-isobu£ylmaionamide. MS m/z: [M + H+] calcd for 

C29H35CIN8O3, 579.25; found 579.4. 

30 (6-32) 2-butyl-5-chioro-3-[2'-(2H-tetrazol-5-yl)biphenyl-4-ylmethyl]-3H-imidazole-4-

carboxylic acid (1 -hydroxycarbamoylmethyl-2-phenylethy!)amide. MS m/z: [M + H4"] 

calcd for C32H33CiN803, 613.24; found 614.4. 

(6-33) 2-butyl-3-[2'-(2H-tetrazol-5-yl)biphenyl-4-ylmethyl]-3H-imidazo}e-4-
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carboxylic acid (l-hydroxycarbamoylmethyl-3-methylbutyI)amide. MS m/z: [M + FT] 

calcd forC19H^nsOy, 545.29; found 545.4. 

(6-34) 2-mercaptomethyl-4-methylpentanoic acid {2-butyI-5-chloro-3-[2'-(lH-

tetrazol-5-yl)-biphenyl-4-ylmethyl]-3H-imidazol-4-ylmethyl}amide. MS m/z: [M + H*] 

5 calcd for C29H36CIN7OS, 566.24; found 566.4. 
(6-35) 2-butyi-3-[2,-(lH-tetrazoi-5-yl)biphenyl-4-ylmethyl]-3H-imidazole-4-

carboxyiic acid ((7?j-l-hydroxy carbamoylmethyl-2-phenylethyl)amide. MS m/z: [M +• H+] 

calcd for C32H34N803, 579.28; found 580.0. 
(6-36) 2-mercaptomethyl-4-methylpentanoic acid (2-butyI-3-[2'-(lH-tetrazo!-5-yl)-

10 biphenyl-4-ylmethyl]-3H-imidazol-4-ylmethyl}amide. MS m/z: [M + H4"] calcd for 

C29H37N7OS, 532.28; found 532.2. 

(6-37) N-{2-butyl-3-[2'-(lH-tetrazol-5-yl)biphenyl-4-ylmethyl]-3H-imidazoi-4-

ylmethyl}-N,-hydroxy-2-isobutylmalonamide. MS m/z: [M + H*] calcd for C29H36N8O3, 

545.29; found 545.5. 
15 (6-38) ^J-2-mercaptomethyl-4~rnethyipentanoic acid {2-butyl-5-chloro-3-[2'-(2H-

tetrazol-5-yl)-biphenyl-4-yLmethyl]-3H-imidazol-4-ylmethyI}amide. MS m/z: [M + H+] 

calcd for C29H36ClN7OS, 566.24; found 567. 

(6-39) f^>2-mercaptomethyl-4-methylpentanoic acid {2-butyl-3-[2'-(2H-tetrazol-5-

yl)-biphenyl-4-ylmethyl]-3H-imidazol-4-yimethyl}amide. MS m/z: [M + H4"] calcd for 

20 C29H37N7OS, 532.28; found 532. 

(6-40) 2-butyl-3-[2'~( 1 H-tetrazol-5-yI)biphenyl-4-ylmethyl3-3H-imidazole-4-

carboxylic acid [(R)-\-hydroxycarbamoyimethyl-2-(2-trifluoromethylphenyl)ethyl]amide. 

MS m/z: [M + tf] calcd for C33H33F3N803, 647.26; found 647.4. 

(6-41) fiS)-2-mercaptomethyl-4-methylpentanoic acid (2-butyl-3-[2'-(2H-tetrazol-5-

25 yl)-biphenyl-4-ylmethyl]-3H-imidazol-4-ylmethyl}amide. MS m/z: [M + H*] calcd for 

C29H37N7OS, 532.28; found 533. 

(6-42) fSj-2-mercaptomethyl~4-methylpenlanoic acid {2-buty 1-5-chioro-3-[2'-(2H-

tetrazoi-5-yl)-biphenyl-4~yimethyl]-3H-imidazol~4-ylmethyI}amide. MS m/z: [M + FT] 

calcd for C29H36CIN7OS, 566.24; found 567. 

30 (6-43) 2-buty l-3-[2'-(2H-tetrazol-5-yl)biphenyl-4-ylmethyI]-3H-imidazole-4-

carboxylic acid {(R)-1 -mercaptomethyl-3-methylbutyl)amide. MS m/z: [M + FT] calcd for 

C28H35N7OS, 518.26; found 518.4. 

(6-44) f£j-2-mercapto-4-methyl-pentanoic acid (2-butyl-5-chloro-3-[2'-(iFl-tetrazol-5-
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yl)-biphenyI-4-ylmethyl]-3H-imidazol-4-ylmethyl}amide. MS m/z: [M+H*] calcd for 

C28H34CIN70S, 552.22; found 552.4. 

EXAMPLE 7 
Following the procedures described in the examples above, and substituting the 

5 appropriate starting materials and reagents, compounds 7-1 to 7-8, having the following 

formula where R is an optional substituent, were also prepared: 

Ex. R1 R2 -X R' R6 R 
7-1 -COOH Cl -CH2-NHC(0> -SH -CH(CH 2y 

CH2CH3 
-

7-2 -C(0)0C 
(CH3)3 

Cl -CH2-NHC(0)- -SC(0)CH3 -CH(CHj)-
CH3 CHJ 

-

n 1 I *" J -SO2NH-
C(0)NH-

(CH2)2CH3 

H ~C(0)NH~ -CH2C(0)N(0H)H benzyl 

7-4 -NHS02-
CF3 

H -C(0)NH- -CH2C(0)N(0H)H benzyl -

7-5 -S02NH-
C(0)CH3 

H -C(0)NH- -CH2C(0)N(0H)H benzyl -

7-6 -S02NH-
C(0)NH-

(CH2)2CH, 

H -C(0)NH- -CH2C(0)N(0H)H benzyi 

7-7 -SO2NH-
C(0)CH3 

H -C(0)NH- -CH2C(0)N(0H)H benzyl -

7-8 -COOH Ci -CHrNHC(0)- -CH2SH -CH2-
CH(CH3>2 

F 

(7-1) 4'-{2-butyl-4-chloro-5-[(2-mercapto-3-methylpentanoylamino)methyl] 

10 imidazol-l-ylmethyl}biphenyl-2-carboxylic acid. MS m/z: [M + it) calcd for 

C28H34CIN303S, 528.20; found 528.3. 

(7-2) 4' {5-[(2-acetylsulfanyl-3-methyl-pentanoyiamino)methylJ-2-butyl-4-

chloroimidazol-l-ylmethyl}biphenyl-2-carboxylic acid r-buty! ester. MS m/z: [M + FT] 

caicd for C34H44CIN3O4S, 626.27; found 626.5. 

15 (7-3) 2-buty i-N-(4-(hydraxyamino)-4-oxo-1 -phenyibutan-2-yl)-1 -((2' -(N-

(propyicarbamoyl)sulfamoyl)biphenyl-4-yl)methyl)-1 F{-imidazole-5-carboxamide. MS 

m/z: [M + Hi calcd for C35H42N6O6S, 675.29; found 675.2. 

(7-4) 2-buty l-3-(2'-trifiuoromethanesulfonylaminobiphenyl-4-ylmethyl)-3H-

imidazole-4-carboxylic acid ((R)-1 -benzy l-2-hydroxy carbamoy lethy l)amide. MS m/z: [M + 
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H4] calcd for C32H34F3N5O5S, 658.22; found 658.2. 
(7-5) 3-(2'-acetylsulfamoylbiphenyl-4-ylmethyl)-2-butyl-3H-imidazole-4-carboxyIic 

acid {(R)-1 -benzyi-2-hydroxycarbamoylethyl)amide. MS m/z: [M + H4"] calcd for 

C33H37N5O6S, 632.25; found 632.4. 
5 (7-6) (7?)-2-butyl-N-(4-(hydroxyamino)-4-oxo-1 -phenylbutan-2-yl)-1 -((2' -(N-

(propylcarbamoyl)sulfamoyl)biphenyl-4-yl)methyl)-lH-imidazole-5-carboxamide. MS 

m/z: [M + H+] calcd for C35H42N606S, 675.29; found 675.4. 

(7-7) 3-(2,-Acetylsulfamoylbiphenyl-4-ylmethyl)-2-butyl-3H-imidazole-4-carboxylic 

acid (f^-l-benzyl-2-hydroxycarbamoylethyl)amide. MS m/z: [M + H+] calcd for 

10 C33H37N5O6S, 632.25; found 632.4. 
(7-8) 4'-{2-butyl-4-chloro-5-[(2-mercaptomethyl-4-methylpentanoylamino)methyl] 

imidazol-l-ylmethyl}-3-fluorobiphenyl-2-carboxy lie acid. MS m/z: [M + H+] calcd for 

C29H35CIFN3O3S, 560.21; found 561. 

EXAMPLE 8 
15 Following the procedures described in the examples above, and substituting the 

appropriate starting materials and reagents, compounds 8-1 to 8-77, having the following 

formula, were also prepared: 

Ex. R" -X R5 R6 
8-1 Cl -C(0)KH-(CH2)4-

CHfCOOH)-NHC(O)-
-C(0)N(0H)H benzyl 

8-2 Cl -C(0)NH-(CH2)2-
CH(C00H)-NHC(0}-

-C(0)N(0H)H benzyl 

8-3 Cl -CH2-NHC(C»- -SH -CH(CH3)-CH2CH3 
8-4 Cl -CH2-NHC(0)- -C(0)N(0H)H -CH2CH(CH3)2 
8-5 H -C(0)NH- -CH2C(0)N(0H)H benzyi 
8-6 H -C(0)NH- -CH2C(0)N(0H)H -CH2CH(CH3)2 
8-7 Cl ~C(0)NFE- -CH2C(0)N(0H)H benzyl 
8-8 H -C(0)NH- -CH2CfO)N(OH)H benzyl 
8-9 H -C(0)NH- -CH2C(0)N(0H)H benzyl 
8-10 Cl -CH?-NHCfO)~ -CH2SH benzyl 
8-11 Ci -CHz-NHCfO)- -CH2SH -CH2CH(CH3}2 
8-12 Cl -CH7-NHC(OV -NHC(0)CH2SH benzy! 
8-13 Cl -CH2-NHC(0)~ -CH2SH -CHCCHs'h 
8-14 Cl ~CH2-NHC(0>- -CH2SH -CH, 
8-15 Cl -CH2-NHC(0)-CH2-

NHC(0>-
-CH2SH benzyl 
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Ex. R2 -X R* R6 
8-16 Cl -CH7-NHC(0 )- -CH7CfO)N(OH)H -CH2CH{CH,)2 
8-17 H -CfO)NH- -CH2C(0)N<0H)H 4-methylbenzv! 
8-18 H -CfO)NH- -CH?CfO)N(OH)H 3,4-difluorobenzyl 
8-19 H -CfO)NH-CH2- -C(0)Nf0H)H benzyl 
8-20 Ct -CfO)NH- -CH?C(0)N(0H)H -CH7-pyridin-4-yl 
8-21 H -CfO)NH- -CH?CfO)N(OH)H -CH7-naphthalen-2-vl 
8-22 H -CfO)NH- -CH2CfO)N(OH)H 4-methyibenzyl 
8-23 H -CfO)NH- -CH2C(0)N(0H)H 4-chlorobenzyl 
8-24 H -C(0)NH- -CH2-

C(0)NH[0C(0)0 
CH2-phenyl1 

benzyl 

8-25 H -C(Q)NH- -CHr 

C(0)N[OC(O)CH2 

0-phenyl]H 

benzyl 

8-26 H -CHrNHaOV -CH2SH -CH2CH(CH^ 
8-27 H -C(0)NH- -CH2C(0)N(0H)H -(CH2)2-phenyl 
8-28 H -CfO)NH- -CH3C(0)N(0H)H -CH?-thiophen-3-yi 
8-29 H -C{0)NH- -CH?C(G)N(OH)H -CH2-furan-2-y! 
8-30 H -CH,-NHC(OV -C(0)N(0H)H ~CH2CH(CHih 
8-31 H -CHrNHCfOV -C(0)N(0H)H benzyl 
8-32 H -C(0)NH- -CHr 

C(0)N[0C(S)N 
(CH,),]H 

benzyl 

8-33 H -C(0)NH- -CH2C(0)N(0H)H 4-trifluoromethyl-
benzyl 

8-34 H -C(0)NH- -CH2C(0)N(0H)H -CH?~naphthaien-2-yl 
8-35 H -C(Q)NH- -CH2CfO)NfOH)H 4-fluoro benzyl 
8-36 H -C(0)NH- -CH2C(0)N(0H)H 3-fluorobenzyl 
8-37 H -CfO)NH- -CH?C(0)N(0H)H 4-bromobenzyl 
8-38 H -CfO)NH- -CH?C(0)N(0H)H 2-bromobenzyi 
8-39 H -C(0)NH- -CHjC(0)N(0H)H 4-nitrobenzyl 
8-40 H -C(0)NH- -CH2C(0)N(0H)H 2-methylbenzyl 
8-41 H ~C{0)NH- -CH7C(G)NfOH)H 3-methylbenzyi 
8-42 H -CfO)NH- -CH?C(0)N(0H)H penlafluorobenzyl 
8-43 H -C(0)NH- -CH2C(0)N(0H)H 2,4-dichlorobenzyl 
8-44 H -CfO)NH- -CH,C(0)N(0H)H 2,4-dichlorobenzyl 
8-45 H -C(Q)NH- -CH2C(0)H(0H)H 3,4-dichiorobenzy i 
8-46 H -C(0)NH- -CH?C(0)N(0H)H 4-iodobenzyl 
8-47 H -C(0)NH- -CH2C(0)N(0H)H 4-iodobenzyl 
8-48 H -C(0)NH- -CH2C(0)N(0H)H 2-trifluoro-

methylbenzyl 
8-49 H -C(0)NH- -CH2C(0)N(0H)H 3-trifiuoro-

methylbenzyl 
8-50 H -C(0)NH- -CH?C(Q)N(OH)H 2-cyanobenzyl 
8-5 E H -C(0)NH- -CH,aOWOH)H 3.4-difluorobenzyl 
8-52 H -C(Q)NH- -CH,C(0)N(0H)H 2-chlorobenzvl 
8-53 H -C(0)NH- -CH2C(0)N(0H)H 2-fluorobenzvI 
8-54 H -C(0)NH-CH(benzyI)-CH2-

NHC(O)-
-C(0)N(0H)H benzyi 

8-55 H -C(0)NH-CH(benzyl)-CHr 

NHC(O)-
-CH2SH benzyl 
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Ex. R- -X R5 R6 

8-56 H -C(0)NH-CH(benzyi)-CHr 
NHC(O)-

-CHiSH -CH2CH(CH3)2 

8-57 H -C(0)NH~CH(benzyl)-CHr 

NHC(O)-
-CH2SH -CH(CH3)2 

8-58 C! -CH2~NHC(0>- -CH2SH -CH2CH(CH3)2 

8-59 H -CHrNHCCO)- -CH.SH -CH2CH(CH3}2 

8-60 H -C(0)NH-CH(benzyl)-CHr 

C(0)NH-
-CH2C(0)N(0H)H benzyl 

8-61 H -CHrNHC(0>- -CH.SH -CH2CH(CH3)2 

8-62 H ~C(0)NH-CH(betizyI)~CHr 

C(0)NH-
-CH2SH benzyl 

8-63 H -C(0)NH- -CHiSH benzyi 
8-64 C! -CH3-NHC(OV -CH2SH -CH2CH(CH3}2 
8-65 H -CH2-NHC(0)- -SH -CH2CH3 
8-66 H -C(0)NH- -CH2SH -CH2CH(CH3)2 
8-67 H -C(G)NH-NHC(0)- -CH?SH -CH2CH(CH3}2 
8-68 H -C(0)NH-NHC(0V -CH3SH benzyl 
8-69 Cl -(CH2)3-NHC(0)- -CH3SH benzyl 
8-70 H ~CH2-NHC(0>- ~CH2SH -(CH2>3CH3 
8-71 H -CHj-NHC(OV -CH.SH -(CH2),CH(CH3}2 
8-72 H -CH2-NHC(0)- -CHiSH -CH(CH3)-CH,CH3 

8-73 H ~CH2-NHC(0)- -CHjSH -CH2-cyciopentyi 
8-74 H -CH2-NHC(0)- -CH2SH -CHj-cyclohexyl 
8-75 H -CH2-NHC(0>- -CHJSH -CH2-naphthaSen-3-yl 
8-76 H -CH=C(-CH2-2-thiophene)-

C(Q)NH-
-CH2C(0)N(OH)H benzyl 

8-77 H -CH=C(-CH2-2-thiophene)-
C(Q)NH-

-CH2SC(0)CH3 benzyl 

(8-1) 4-{2-buty l-5-[(3^-5-carboxy-5-(2-hydroxycarbamoyl-3-phenylpropionylamino) 

pentyicarbamoyl]-4-chloroimidazol-1 -ylmethyi}benzoic acid. MS m/z: [M + H+] caicd for 

C32H38CIN5O8, 656.24; found 656.2. 

5 (8-2) 4-{2-butyl-5-[(5^-3-carboxy-3-(2-hydroxycarbamoyi-3-phenylpropionylamino) 

propyIcarbamoy 1]-4-chloroimidazol-1 -ylmethy 1} benzoic acid. MS m'z: [M + H+] calcd for 

C3oH34CtN508, 628.21; found 629.2. 

(8-3) 4-{2-butyl-4-chloro-5-[(2-mercapto-3-methyl-pentanoylamino)methyl] 

imidazol-1 -yImethyl}benzoic acid. MS m/z: [M + H*] caicd for C22H30CIN3O3S, 452.17; 

10 found 452.2. 

(8-4) 4-{2-butyl-4-chioro-5-[(2-hydroxycarbamoyl-4-methyl-pentanoylamino) 

methy Ijimidazol-1 -y Imethy 1} benzoic acid. MS m/z: [M + H4"] calcd for C23H3iClN40s, 

479.20; found 479.2. 

(8-5) 4-[5-(l-benzyl-2-hydroxycarbamoylethylcarbamoyl)-2-butylimidazol-l-

15 y I methy 1 ] benzoic acid. MS m/z: [M + H*] calcd for C26H30N4O5, 479.22; found 479.3. 
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(8-6) 4-[2-butyl-5-(l-hydroxycarbamoylmethyl-3-methyl-butylcarbamoyl)imidazol-

1 -ylmethyljbenzoic acid. MS m/z: [M + H+] calcd for C23H32N4O5, 445.24; found 445.2. 

(8-7) 4-[5-(l-benzyi-2-hydroxycarbamoylethylcarbamoyI)-2-butyl-4~chioroirmdazoi~ 

1 -ylmethyljbenzoic acid. MS m/z\ [M + H+] calcd for C26H29CIN4O5, 513.18; found 513.3. 

5 (8-8) 4-[5-(ftfM-benzyl-2-hydroxycarbamoylethylcarbamoyl)-2-butyhmidazol-l-

yimethyljbenzoic acid. MS m/z: [M + H+] calcd for C26H3oN40s3 479.22; found 479.4. 

(8-9) 4-[5-((SM-benzyi-2-hydroxycarbamoylethylcarbamoyl)-2-butylimidazol-l-

ylmethyljbenzoic acid. MS m/z: [M + H+] calcd for C26H30N4O5, 479.22; found 479.3. For 

the TFA salt: 1 H-NMR (400 Mz, (CD^SO): 6 (ppm) 0.74 (t, 3H,J= 5 Hz), 1.20 (q, 2H, J 

10 - 5 Hz), 1.41 (m, 2H), 2.19 (d, 2H, J- 5 Hz), 2.73 (m, 3H), 5.69 (m, 4H), 7.11 (m, 7H, J = 

5 Hz), 7.85 (m, 2H), 8.50 (s, IH). 

(8-10) 4-{2-butyl-4-chloro-5-[(2-mercaptomethyl-3-phenylpropionylamino)methylJ 

imidazol-l-ylmethyl}benzoic acid. MS m/z: [M + H^j calcd for C26H30CIN3O3S, 500.17; 

found 501. 

15 (8-11) 4~{2-butyl~4-chloro-5-[(2-mercaptomethyl-4-methyl-pentanoylammo)methyl] 

imidazol-Uylmethyl}benzoic acid. MS m/z: [M + HT] calcd for C23H32CIN3O3S, 466.19; 

found 467. 

(8-12) 4-(2-butyl-4-chloro-5-{[2-(2-mercapto-acetylamino)-3-phenylpropionylamino]-

methyl}imidazol-1 -ylmethyl)benzoic acid. MS m/z: [M + H+] calcd for C27H3ICIN^S, 

20 543.18; found 544. 

(8-13) 4-{2-butyl-4-chloro-5-[(2-mercaptomethyl-3-methy!-butyrylamino)methylJ 

imidazol-1-ylmethyljbenzoic acid. MS m/z: [M + H+] calcd for C22H30CIN3O3S, 452.17; 

found 453. 

(8-14) 4-{2-butyl-4-chloro-5-[(^-3-mercapto-2-methylpropionylamino)methyl] 

25 imidazol-1 -ylmethyl}benzoic acid. MS m/z: [M + H+] calcd for C20H26CIN3O3S, 424.14; 

found 425. 

(8-15) 4-(5-{[2-(2-benzyl-3-mercaptopropionylamino)acetylamino]methyl}-2-butyl-4-

chloroimidazol-1 -ylmethyl)benzoic acid. MS m/z: [M •+• H+] calcd for C28H33CIN4O4S, 

557.19; found 558. 

30 (8-16) 4-{2-butyl-4-chloro-5-[(2-hydroxycarbamoylmethyl-4-methyipentanoylamino) 

methy Ijimidazol-1 -ylmethy I} benzoic acid. MS m/z: [M + H+j caicd for C24H33QN4O5, 

493.21; found 494. 
(8-17) 4-{2-butyl-5-[(2>/)-2-hydroxycarbamoyI-l-(4-methylbenzyl)ethylcarbamoyI] 
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imidazol-1 -yImethyl}benzoic acid. MS m/z: [M + H4"] calcd for C27H32N4O5, 493.24; found 

493.4. 
(8-IB) 4-{2-butyl-5-[('£M-(3J4-difluQrobenzyI)-2-hydroxycarbamoyiethyicarbamoyl] 

imidazol-1 -ylmethy 1}benzoic acid. MS m/z: [M + H+] caicd for C26H28F2N4O5, 515.20; 

5 found 515.2. 

(8-19) 4-[2-butyl-5-(2-hydroxycarbamoyl-3-phenyl-propylcarbamoyl)imidazol-l-

ylmethyljbenzoic acid. MS m/z: [M + HT] calcd for C26H30N4O5, 479.22; found 480.2. 

(8-20) 4-[2-butyl-4-chloro-5-((7?,)-2-hydroxycarbamoyl-1 -pyridin-4-

y imethy lethy Icarbamoy l)imidazo!-i-ylmethyljbenzoic acid. MS m/z: [M + H"^ calcd for 

10 C25H28CIN5O5, 514.18; found 515.2. 

(8-21) 4-[2-butyl-5-((RJ-2-hydroxycarbamoyl-l-naphthalen-2-

yImethylethylcarbamoyl)imidazol-l -ylmethyljbenzoic acid. MS m/z: [M + H^j calcd for 

C30H32N4O5, 529.24; found 529.4. 

(8-22) 4-{2-butyl~5-[^-2-hydroxycarbarnoyl-l-(4-methyIbenzyl)ethylcarbamoyl] 

15 imidazoi-l-ylmethy!}benzoic acid. MS m/z: [M + FT"] calcd for C27H32N4O5, 493.24; found 

493.4. 

(8-23) 4-{2-butyl-5-[(7?/)-l-(4-chlorobenz>'l)-2-hydroxycarbamoylethy Icarbamoy I] 

imidazol-1 -ylmethy 1}benzoic acid. MS m/z: [M + Fl4] calcd for C26H29CIN4O5, 513.18; 

found 514.2. 
20 (8-24) fiS^-4-((5-(4-(benzyloxycarbonyloxyamino)-4-oxo-l-phenyIbutan-2-

yIcarbamoyl)-2-butyI-1 Fl-imidazol-1 -yl)methyl)benzoic acid. MS m/z: [M + FT} calcd for 

C34FI3&N407, 613.26; found 613.2. 

(8-25) 4-(2-buty[~5-{(5M-[(2-phenoxyacetoxycarbamoyI)methyl]-2~ 

phenylethylcarbamoyl} imidazol-1-ylmethyl)benzoic acid. MS m/z: [M + H+j calcd for 

25 C34H36N407, 613.26; found 613.4. 

(8-26) 4-{2~butyl-5-[(2-mercaptomethyl-4-methyl-pentanoylamino)methy Ijimidazol-

1 -yImethy 1}benzoic acid. MS m/z: [M + H+] calcd for C23H33N3O3S, 432.22; found 433. 

'H-NMR (DMSO) 8.07 (2H, d), 7.6 (IH, s), 7.2 (2H, d), 5.6 (2H, s), 4.45 (IH, d), 4.32 

(IH, d), 2.9 (2H, t), 2.55 (2H, m), 2.4 (IH, m), 1.58 (2H, m), 1.35 (5H, m), 0.83 (9H, m). 

30 (8-27) 4-[2-butyl-5-(<7^-1 -hydroxycarbamoylmethyl-3-phenylpropylcarbamoyl) 

imidazol-1 -ylmethyljbenzoic acid. MS m/z: [M + H+j calcd for C27H32N4G5, 493.24; found 

493.5. 
(8-28) 4-[2-butyl-5-((7£)-2-hydroxycarbamoyl-l-thiophen-3-ylmethyl-ethylcarbamoyi) 
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imidazol-1-ylmethyljbenzoic acid. MS m/z: [M + f-T] caicd for C24H28N4O5S, 485.18; 

found 485.5. 

(8-29) 4-[2-butyl-5-((^H-furan-2-ylmethyl-2-hydroxycarbamoylethyicarbamoyI) 

imidazol-1-ylmethyljbenzoic acid. MS m/z: [M + H^J calcd for C24H28N4O6, 469.20; found 

5 469.5. 

(8-30) 4-{2-butyl-5-[(2-hydroxycarbamoyl-4-methylpentanoylamino)methylj 

imidazol-1-ylmethyljbenzoic acid. MS m/z: [M + H*j calcd for C23H32N4O5, 445.24; found 

445.2. 'H-NMR (DMSO) 10.6 (IH, s), 8.92 (IH, s), 8.15 (IH, t), 7.91 (2H, d), 7.41 (IH, 

s), 7.15 (2H, d), 5.53 (2H, s), 4.19 (2H, d), 2.89 (IH, t), 2.81 (2H> t), 1.48 (3H, m), 1.21, 

10 4H, m), 0.74 (9H, m). 

(8-31) 4-{2-butyl-5-[(2-hydroxycarbamoyl-3-phenylpropionylamino)methyljimidazol-

1-ylmethyljbenzoic acid. MS m/z\ [M + H*j calcd for C26H30N4O5, 479.22; found 479.0. 

(8-32) {/1S/)-4-((2-butyl-5-(4-(dimethylcarbamothioyloxyamino)-4-oxo-l-phenylbutan-2-

ylcarbamoyl)-lH-Lmidazol-l-yl)methyl)benzoic acid. MS m/z: [M + H+j calcd for 

15 C29H35N5O5S, 566.24; found 566.2. 
(8-33) 4-{2-butyl-5-[(7?J-2-hydroxycarbamoyl-l-(4-trifluoromethylbenzyl)ethyi-

carbamoyijimidazol-1 -ylmethyljbenzoic acid. MS m/z: [M + HTj calcd for C27H29F3N4O5, 

547.21; found 547.7. 

(8-34) 4-{2-butyl-5-((7^-2-hydroxycarbamoyi-l-naphthaien-2-yimethylethyl-

20 carbamoy l)imidazol-1 -ylmethyljbenzoic acid. MS m/z: [M + H*J calcd for 03^32^05, 

529.24; found 529.7." 

(8-35) 4- {2-buty l-5-[^-l-(4-fluorobenzyl)-2-hydroxycarbamoy lethy Icarbamoy 1J 

imidazo l-l-y Imethy I j benzoic acid. MS m/z: [M + H+J caicd for C26H29FN4O5, 497.21; 

found 497.6. 

25 (8-36) 4-{2-butyl-5-[(^-l-(3-fluorobenzyl)-2-hydroxycarbamoylethyicarbamoylj 

imidazol-1 -ylmethyljbenzoic acid. MS m/z: [M + FT1"] calcd for C26H29FN4O5, 497.21; 

found 497.7. 
(8-37) 4- {5-[(7?,)-1 -(4-bromobenzyl)-2-hydroxy carbamoy lethy Icarbamoy lj-2-

butylimidazol-1 -ylmethyljbenzoic acid. MS m/z: [M + FI4"] caicd for C26H29BrN40s, 

30 557.13; found 558.5. 
(8-38) 4-{5-[(7?J-l-(2-bromobenzyl)-2-hydroxycarbamoylethylcarbamoyi]-2-

butylimidazoi-l-yimethyljbenzoic acid. MS m/z: [M + FT1"} calcd for Cje^gBrNjOs, 

557.13; found 558.4. 
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(8-39) 4-{2-Butyl~5-[(7fy-2-hydroxycarbamoyl-l-(4-mtrobenzyi)ethylcarbamoyl]-

imidazol-1 -ylmethy!}benzoic acid. MS m/z: [M + H+] calcd for C26H29N5O7, 524.212; 

found 524.7. 

(8-40) 4-{2-butyl-5-[(7£J-2-hydroxycarbamoyl-i-(2-methylberizyl)ethylcarbamoyi] 

5 imidazol-1-ylmethyljbenzoic acid. MS m/z: [M + H+J calcd for C27H32N4O5, 493.24; found 

493.8. 

(8-41) 4-{2-buty l-5-[(7?)-2-hydroxycarbamoy I-l-(3-methylbenzyl)ethy Icarbamoy I] 

imidazol-1-ylmethy!}benzoic acid. MS m/z: [M + HT] calcd for C27H32N4O5, 493.24; found 

493.7. 

10 (8-42) 4-[2-butyl-5-(f7^)-2-hydroxycarbamoyl-1 -pentafluorophenylmethylethyl-

carbamoyl)imidazol-1 -ylmethyljbenzoic acid. MS m/z: [M + H+J calcd for C26H25F5N4O5, 

569.17; found 569.7. 

(8-43) 4-{2-butyl-5-j/£j-l-(2,4-dichlorobenzyl)-2-hydroxycarbamoylethylcarbamoyl] 

imidazol-1 -ylmethy!} benzoic acid. MS m/z: [M + FT] calcd for C26H28CI2N4O5, 547.14 ; 
15 found 548.4. 

(8-44) 4-{2-butyl-5-[(7?)-1 -(2,4-dichlorobenzyl)-2-hydroxycarbamoyiethylcarbamoyl] 

imidazoi-l-ylmethyl}benzoic acid. MS m/z: [M + H+] calcd for 547.14; 

found 548.5. 

(8-45) 4-{2-butyl-5-[(^2j-l-(3,4-dichlorobenzyl)-2-hydroxycarbamoylethylcarbamoy!] 

20 imidazol-1-ylmethy!}benzoic acid. MS m/z: [M + H*] calcd for C26H28C12N405, 547.14; 

found 548.6. 

(8-46) 4-{2-butyl-5-[(2^-2-hydroxycarbamoyi-1 -(4-iodobenzy l)ethylcarbamoyl j 

imidazol-1 -yImethyl}benzoic acid. MS m/z: [M + H+] calcd for C26H29IN4O5, 605.12; 

found 605.5. 

25 (8-47) 4-{2-butyl-5-[(7?/)-2-hydroxycarbamoyl-l-(4-iodobenzyl)ethylcarbamoylJ 

imidazol-1 -ylmethy 1}benzoic acid. MS m/z: [M + H*] calcd for C26H29IN4O5, 605.12; 

found 605.5. 

(8-48) 4-{2-butyl-5-[(7?j-2-hydroxycarbamoyl-l-(2-trifluoromethylberizyl)ethyl-

carbamoyljimidazol-1 -ylmethyl} benzoic acid. MS m/z: [M + H+] calcd for C27H29F3N4O5, 
30 547.21; found 547.6. 

(8-49) 4-{2-butyl-5-[(7?/)-2-hydroxycarbamoyl-l-(3-trifluoromethylbenzyl)ethyl-

carbamoyIjimidazol-1 -ylmethyl} benzoic acid. MS m/z: [M + FT] calcd for C27H29F3N4O5, 
547.21; found 547.6. 
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(8-50) 4-{2-butyl-5-[(7?>l-(2-cyanobenzyl)-2-hydroxycarbamoylethylcarbamoyl] 

imidazol-1 -yimethyl} benzoic acid. MS m/z: [M + H4"] caicd for C27H29N5O5, 504.22; found 

504.7. 

(8-51) 4-{2-butyl-5-[^/)-l-(3,4-difluorobenzyl)-2-hydroxycarbamoylethylcarbamoyl] 

5 imidazol-1 -ylmethyl}benzoic acid. MS m/z: [M + H4"] calcd for C26H28F2N4O5, 515.20; 

found 515.8. 

(8-52) 4-{2-butyl-5-[(7?,M-(2-chlorobenzyl)-2-hydroxycarbamoylethylcarbamoyl] 

imidazol-1-ylmethyl}benzoic acid. MS m/z: [M + H+] calcd for C26H29CIN4O5, 513.18; 

found 514.3. 

10 (8-53) 4-{2-butyl-5-[^-l-(2-fluorobenzyl)-2-hydroxycarbamoylethylcarbamoyl] 

imidazol-1 -ylmethyl }benzoic acid. MS m/z: [M + H+] calcd for C26H29FN4O5,497.21; 

found 497.5. 

(8-54) 4-(2-butyl-5-{C5>l-[(2-hydroxycarbamoyl-3-phenylpropionylamino)methyl]-2-

phenylethylcarbamoyl}imidazol-l-ylmethyl)benzoic acid. MS m/z: [M + H4"] calcd for 

15 C35H39N506, 626.29; found 626.4. 

(8-55) 4-(2-butyl-5-{('S/)-l-[(2-mercaptomethyl-3-phenylpropionylammo)methyl]-2-

pheny lethy Icarbamoy i} i mid azo 1-1 -y imethy l)benzoic acid. MS m/z: [M + H+] calcd for 

C35H40N4O4S, 613.28; found 613.4. 

(8-56) 4-(2-buty 1-5- {(S)-1 -[(2-mercaptomethyl-4-methylpentanoylamino)methyl]-2-

20 pheny lethy icarbamoy 1} imidazol-l-ylmethyl)benzoic acid. MS m/z: [M + H+] calcd for 

C32H42N4O4S, 579.29; found 579.4. 

(8-57) 4-(2-butyl-5-{C5)-l-[(2-mercaptomethyl-3-methylbutyrylamino)methyl]-2-

phenylethylcarbamoyl}imidazol-l-ylmethyl)benzoic acid. MS m/z: [M + H+] calcd for 

C3,H4ON404S, 565.28; found 565.2. 

25 (8-58) 4-{2-butyi-4-chloro-5-[(f/?)-2-mercaptomethyi-4-methylpentanoyiammo) 

methy I] imidazol -1 -y imethyl} benzoic acid. MS m/z: [M + H4*] calcd for C23H32CiN303S; 

466.19; found 466.3. 

(8-59) 4-{2~butyl-5-[(fft)-2-mercaptomethyl-4-methylpentanoylamino)methyl) 

imidazol-1 -ylmethyl}benzoic acid. MS m/z: [M + H"1"} calcd for C23H33N3O3S, 432.22; 

30 found 432.3. 1 H-NMR (DMSO) 8.52 (IH, t), 7.92 (2H, d), 7.48 (IH, s), 7.18 (2H, d), 5.55 

(2H, s), 4.21 (2H, m), 2.84 (2H, t), 2.16 (IH, t), 1.46 (2H, m), 1.22 (5 H, m), 0.76 (9H, m). 

(8-60) 4-{5-[fSJ-1 -benzyl-2 ~((R)~ 1 -benzyl-2-hydroxycarbamoylethy IcarbamoyI) 

ethylcarbamoylJ-2-butylimidazol-l-ylmethyljbenzoic acid. MS m/z: [M + H*] calcd for 
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C36H4!N506, 640.31; found 640.3. 
(8-61) 4-{2-butyl-5-[((3)-2-mercaptomethyl-4-methyl-pentanoylamino)methyl] 

imidazol-1 -ylmethyl}benzoic acid. MS m/z: [M 4- H+] calcd for C23H33N3O3S, 432.22; 

found 432. 

5 (8-62) 4-(5-{(5)-l-benzyl-2-((7?J-l-mercaptomethyl-2-pheny lethy Icarbamoy 1) 

ethylcarbamoyl3-2-butylimidazol-l-ylmethyl}benzoic acid. MS m/z: [M + H+] calcd for 

C35H40N4O4S, 613.28; found 613.4. 
(8-63) 4-[5-((7?/)-l-benzyl-2-mercaptoethylcarbamoyl)-2-butyiimidazol-l-ylmethyl] 

benzoic acid. MS m/z: [M + H+j calcd for C25H29N3O3S, 452.19; found 452.2. 

10 (8-64) 4-{2-butyl-4-chloro-5-[(f$-2-mercaptomethyl-4-methylpentanoylamino) 

methyl]imidazoi-l-vlmethyl}benzoic acid. MS m/z: [M + Ff"j calcd for C23H32CIN3O3S, 

466.19; found 467.2. 

(8-65) 4-{2-butyl-5-[(2-mercaptobutyrylamino)methyljimidazoM-ylmethyl} benzoic 

acid. MS m/z: [M + H+] calcd for C2oH27N303S, 390.18; found 390.2. 

15 (8-66) 4-[2-butyl-5-((7?j- l-mercaptomethyI-3-methy lbutylcarbamoyl)imidazol-1 -

ylmethyljbenzoic acid. MS m/z: [M + H+j calcd for C22H31N3O3S, 418.21; found 418.2. 

(8-67) 4-{2-butyl-5-[N'-(2-mercaptomethy!-4-methylpentanoyl)hydrazinocarbonyl] 

imidazol-1-ylmethyl}benzoic acid. MS m/z: [M + H+] calcd for C23H32N4O4S, 461.21; 

found 461.4. 

20 (8-68) 4-{5-[N'-(2-benzyl-3-mercapto-propionyl)hydrazinocarbonyl]-2-butylimidazol-

1-ylmethyljbenzoic acid. MS m/z: [M + H+j calcd for C26H30N4O4S, 495.20; found 495.4. 

(8-69) 4-{5-[2-(2-benzyl-3-mercaptopropionylamino)ethylj-2-butyl-4-chloroimidazol-

1-ylmethyl}benzoic acid. MS m/z: [M + H+j calcd for C27H32C1N303S, 514.19; found 

514.2. 

25 (8-70) 4-{2-butyl-5-[(2-mercaptomethylhexanoylamino)methy Ijimidazol-1-ylmethyl} 

benzoic acid. MS m/z: [M + H+j calcd for C23H33N3O3S, 432.22; found 432.2. 

(8-71) 4-{2-butyl-5-[(2-mercaptomethyl-5-methylhexanoyiammo)methyljimidazol-l-

ylmethyljbenzoic acid. MS m/z: [M + H^j calcd for C24H35N3O3S, 446.24; found 446.2. 

(8-72) 4-{2-butyl-5-[(2-mercaptomethyl-3-methyl-pentanoylamino)methyIjimidazol-

30 1-ylmethyljbenzoic acid. MS m/z: [M + H+j calcd for C23H33N3O3S, 432.22; found 432.2. 

(8-73) 4-{2-butyl-5-[(3-cyclopentyI-2-mercaptomethylpropionylamino)methylj 

imidazol-1 -ylmethyl}benzoic acid. MS m/z: [M + H*] calcd for C25H35N3O3S, 458.24; 

found 458.2. 
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(8-74) 4-{2-butyl-5-[(3-cyclohexyl-2-mercaptomethylpropionylamino)methyl] 

imidazol-l-ylmethyl}benzoic acid. MS m/z: [M + FT] calcd for C26H37N3O3S, 472.26; 

found 472.2. 

(8-75) 4-{2-butyi-5-[(2-mercaptomethyl-3-naphthalen-l-ylpropionylamino)methyl] 

5 imidazol-1-ylmethyl}benzoic acid. MS m/z: [M + FT] calcd for C30H33N3O3S, 516.22; 

found 517.2. 

(8-76) 4-{5-[(E)-2-((7?^-l-benzy l-2-hydro xycarbamoylethy lcarbamoyl)-3-thiophen-2-

ylpropenyl]-2-butylimidazol-l-ylmethyljbenzoic acid. MS m/z: [M+Fr] calcd for 

C33H36N4G5S, 601.24; found 602.5. 

10 (8-77) 4-{5-[(E)-2-((#)-2-acetylsulfanyi-l-benzyIethylcarbamoyl)-3~thiophen-2-

yIpropenyl]-2-butylimidazol-1 -ylmethyl}benzoic acid. MS m/z: [M+H*] calcd for 

C34H37N3O4S2, 616.22; found 616.4. 

EXAMPLE 9 
Following the procedures described in the examples above, and substituting the 

15 appropriate starting materials and reagents, compounds 9-1 to 9-63, having the following 

formula where one or two R groups are optionally present, were also prepared. For 

Compounds 9-1 to 9-60, R3 is -(CFlahCH}. For Compounds, 9-61 to 9-63, R3 is 
-(CH2)2CH3. 

Ex. R R2 -X R6 

9-1 3-methoxy Cl -CH2-NHC(0)- -CHTSH -CH2CH(CH3)? 
9-2 3-methoxv C! -CH2-NHCfOV -CH?SH benzyl 
9-3 3-methoxy Cl -CH2-NHC(0>- -CH2SH -CH(CH,)2 
9-4 3-methoxy Cl -CHrNHC(0)-

CH2-NHC(0>-
~CH2SH benzyl 

9-5 3-methoxy Cl -CH?-NHC(0)- -C(0)N(0H)H -CH2CHfCH,)7 
9-6 3-methoxy Cl -CH2-NHC(0)- -C(0)N(0H)H benzyl 
9-7 2-bromo Cl -CH2-NHC(0)- ~C(0)N(0H)H -CH2CH(CH3)2 
9-8 2-bromo Cl -CH2-NHCCO>- -C(OJN(OH)H benzyl 
9-9 2-bromo Cl -CH2-NHC(0)- -CH?SH -CH?CH(CH0? 

9-10 2-phersyl Cl -CHrNHC(0)- -CHTSH -CH2CH(CH,)2 
9-1 i 2-bromo H -CH2-NHC(0)- -CH7SH -CH2CH(CH,)P 
9-12 2-bromo H -CHrNHC(0)- -CH?SH -CH2CH(CH3)2 
9-13 2-fluoro H -CH2-NHC(OV -CH?SH -CH2CH(CH3)2 
9-14 2-bromo H -C(0)NH- -CHr 

C(0)N(0H)H 
2-bromobenzyl 
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Ex. R R2 -X R5 R6 
9-15 2-bromo H -C(0)NH- ~CH2-

C(0)N(0H)H 
2-methylbenzyi 

9-16 3-fluoro H ~CHrNHC(0}~ -CH2SH -CH2CH(CH3>2 
9-17 2,6-difluoro H -CH2-NHC(0>- -CH2SH -CH2CH(CH3)2 

9-18 3-fluoro H -CHrNHC(O)- -CH2SH -CH2CH(CH3)2 

9-19 2,6-difluoro H -CHrNHC(0}- -CH2SH -CH2CH(CH3)2 

9-20 2-bromo H -CH2-NHC(0)- -CH2SC(0)-
phenvl-OCH3 

-CH2CH(CH3)2 

9-21 2-bromo H -CHrNHC(0 )- -CH3SC(0)-CH3 -CH2CH(CH3)2 
9-22 2-bromo H -CHrNHC(0)- -CH2SC(0)-

CH(CH3)2 

-CH2CH(CH3>2 

9-23 2-bromo H -CH2-NHC(Q)- -CH2SC(0}-
C(CH3)2 

-CH2CH(CH3)2 

9-24 2-bromo H ~CH2-NHC(0}- -CH2SC(0)CH2-
CH(CH3)2 

-CH2CH(CH3)2 

9-25 2-bromo H -CH2-NHC(0)- -CH2-SC(0)-
cyclohexyl 

-CH2CH(CH3)2 

9-26 2-bromo H -CH2-NHC(0)- -CH2SC(0)-
phenyl 

-CH2CH(CH3)2 

9-27 2-bromo H -C(0)NH- -CH2SH benzyl 
9-28 2-bromo H ' -C(0)NH- -CH2SH -CH2CH(CH3)2 
9-29 2-fluoro H -CH2-NHC(0)- -SH -CH3 
9-30J 2-fluoro H -CHrNHCfO)- -SH -CH2CH3 
9-31 2-fiuoro H -CH?-NHC(OV -SH -(CH2)2CH3 
9-32 2-fluoro H -CH2-NHC(0)- -SH -(CH?.)3CH3 
9-33 2-fluoro H -CH2-NHC(0)- -CH2SH -CH?CH(CH3)J 
9-34 2-methyl H -CH2-NHC(0)- -CH2SH -CH2CH(CH3)? 
9-35 2-methoxy H -CH2-NHC(G)- -CH2SH -CH3CH(CH3)> 
9-36 2-chloro H ~CH?-NHC(0)- -CH2SH -CH2CH(CH3)2 
9-37 3-bromo H -CH2-NHC(0)- -CH2SH -CH2CH(CH3)2 

9-38 2-fluoro H -CH2-NHC(0)- -SH -CH(CH3>-
CH2CH3 

9-39 2-fluoro H -CHrNHC(O)- -SH -CH2CHfCH3}2 
9-40 2-fluoro H -CH,-NHCfO>- -SH -(CH,>4CH, 
9-41 3-chioro H -CHrNHC(O)- -CH2SH -CH2CH(CH3)2 
9-42 2-chloro H -CH2-NHC(0)- ~CH2SH -CH2CH(CH3)? 
9-43 2,5-difluoro H -CH2-NHC(0}~ -CH2SH -CH2CH(CH3)? 
9-44 2-fluoro H -CHrNHC(0)- -SH phenyl 
9-45 2-fluoro H -CH2-NHC(0>- -SH 4-fluorophenyl 
9-46 2-fluoro H -CH2-NHC(0)- -SH -CH2C(CH3)3 
9-47 2,5-difluoro H ~CHrNHC(0)- -CH2 SH ~CH2CH(CH3)7 
9-48 2,3-difluoro H -CH2-NHC(G>- -CH2SH -CH2CH(CH3)? 

9-49 2,3-difluoro H -CH2-NHC(0}- -CH2SH -CH?CH(CH^, 
9-50 2-fluoro Cl -CH3-NHC(0>- -CH2SH -CH2CH(CH3)> 
9-51 2-fluoro Cl -CH2-NHCfO)- -CH2SH -CH7CH(CH3), 
9-52 2-fluoro H -CH2-NHC(0)- -SH -CH2CH(CH,)? 

9-53 2-fluoro H -CH2-NHC(0>- »SH benzyl 
9-54 2,3-difluoro H -CH7-NHC(0}- -SH -CH2C(CH3)3 

9-55 2-fluoro H -CH2-NHC(OV -SH -CH2CH(CH3"b 
9-56 2,3-difluoro H -CH2-NHC(0)- -SH -CH?CH(CH3)? 
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Ex. R K1 -X R5 R6 

9-57 2,3-difluoro H -CH2-NHC(0)- -CHjSH -CH(CH3)-
CH2CH3 

9-58 2-fluoro H -CH2-NHC(0}- -SH -CH?CF, 
9-59 2,3-difluoro H -CH2-NHC(0)- -SH -CH,C(CH3)3 

9-60 2,3-difluoro H -CH7-NHC(0)- -SH -CH?C(CH0i 
9-61 2,3-difluoro -CH2 

CH3 
-CH2-NHC(0)- -CH2SH -CH2CH(CH3)2 

9-62 2,3-difluoro -CH3 
CH3 

-CH2-NHC(0)- -SH -CH2CH(CH3)2 

9-63 2,3-difluoro H -CH2-NHC(0)- -SH ~CU2CH(CHih 

(9-1) 4-{2-butyi~4-chloro-5-[(2-mercaptomethyl-4-methylpentanoylamino)methyl] 

imidazol-1-ylmethy l}-3-methoxybenzoic acid. MS m/z: [M + H+] calcd for 

C24H34CIN3O4S, 496.20; found 497.2. 

5 (9-2) 4-(2-buty [-4-chloro-5-[(2-mercaptomethy[-3-phenylpropionylamino)methyl] 

imidazole-ylmethyl}-3-methoxybenzoic acid. MS m/z: [M + H+] caicd for 

C27H32CIN3O4S, 530.18; found 531.2. 

(9-3) 4-{2-butyl-4-chloro-5-[(2-mercaptomethyl-3-methylbutyrylamino)methyl] 

imidazol-1-ylmethyl}-3~methoxy benzoic acid. MS m/z: [M + H4] calcd for 

10 C23H32CIN3O4S, 482.18; found 483.2. 

(9-4) 4-(5-{[2-(2-benzyl-3-mercaptopropionylammo)-acetylamino]methyl}-2-butyl-

4-chloroimidazol-1 -ylmethyI)-3-methoxybenzoic acid. MS m/z: [M + H+] calcd for 

C29H35ON4O5SJ 587.20; found 588.2. 

(9-5) 4-{2-butyl-4-chIoro-5-[(2-hydroxycarbamoyI-4-methylpentanoylamino)methyl] 

15 imidazol-1 -ylmethyl}-3-methoxybenzoic acid. MS m/'z: [M + H4] calcd for C24H33CIN4O6, 

509.21; found 509.6. 

(9-6) 4-{2-butyl-4-chloro-5-[(2-hydroxy carbamoy i-3-phenylpropionylamino)methyl] 

imidazol-1 -ylmethyl}-3-methoxybenzoic acid. MS m/z: [M + H+] calcd for C27H3iClN406, 

543.19; found 543.6. 

20 (9-7) 2-bromo-4-{2-butyl-4-chloro-5-[(2-hydroxycarbamoyl-4-methyipentanoyl-

amino)methyijimidazol-l-ylmethyljbenzoic acid. MS m/z: [M + H+] calcd for 

C23H3oBrClN405, 557.11; found 558.2. 

(9-8) 2-bromo-4-{2-butyl-4-chloro-5-[(2-hydroxycarbamoyl-3-phenylpropionyl-

amino)methyl]imidazol-l-ylmethyl}benzoic acid. MS m/z: [M + H+] calcd for 

25 C26H28BrClN40s, 591.09; found 593.2. 
(9-9) 2-bromo-4-{2-butyl-4-chloro-5-[(2-mercaptomethyl-4-methyipentanoyiamino) 
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methy Ijimidazol-l-ylmethyl}benzoic acid. MS m/z: [M + H+j calcd for C23H3iBrClN303S, 

544.10; found 546.2. 

(9-10) 5- (2-buty!-4-chloro-5-[(2-mercaptomethy 1-4-methy ipentanoylamino)methyl] 

imidazol-1-ylmethyl} biphenyl-2-carboxyiic acid. MS m/z: [M + H+j calcd for 

5 C29H36CIN3O3S, 542.22; found 543.2. 

(9-11) 2-bromo-4-{2-butyl-5-[((5'>2-mercaptomethyl-4-methylpentanoylamino) 

methyljimidazol- l-ylmethyl)benzoic acid. MS m/z: [M + H+j calcd for Ci^H^BrNsChS, 

510.13; found 510.4. lH-NMR(DMSO) 8.53 (IH, t), 7.72 (IH, d), 7.48 (2H, d), 7.07 (IH, 

d), 5.51 (2H, s), 4.23 (2H, m), 2.86 (2H, t), 2.34 (IH, m), 2.17 (IH, t), 1.44, (2H, m), 1.25 

10 (5H, m), 0.76 (9H, m). 

(9-12) 2-bromo-4-{2-butyl-5-[((^-2-mercaptomethyl-4-methylpentanoylamino) 

methyljimidazoi-l-ylmethyl} benzoic acid. MS m/z: [M + H+j calcd for C23H32BrN303S, 

510.13; found 510.4. 'H-NMR (DMSO) 8.53 (IH, t), 7.72 (IH, d), 7.48 (2H, d), 7.07 (IH, 

d), 5.51 (2H, s)s 4.23 (2H, m), 2.86 (2H, t), 2.34 (IH, m), 2.17 (IH, t), 1.44, (2H, m), 1.25 

15 (5H, m), 0.76 (9H, m). 

(9-13) 4-{2-butyl-5-[((5/t-2-mercaptomethyl-4-methylpentanoylamino)methyl] 

imidazol-1 -ylmethy I }-2-fluorobenzoic acid. MS m/z: [M + H4"] calcd for C23H32FN3O3S, 

450.22; found 451.2. lH-NMR (DMSO) 8.48 (IH, t), 7.83 (IH, 1), 7.38 (IH, s), 6.95 (2H, 

d), 5.48 (2H, s), 4.19 (2H, m), 2.75 (2H, t), 2.30 (IH, m), 2.14 (IH, t), 1.46 (2H, m), 1.23 

20 (5H, m), 0.76 (9H, m). 

(9-14) 2-bromo-4-{5-[(i?j-l-(2-bromobenzyl)-2-hydroxycarbamoylethylcarbamoylJ2-

butylimidazol-1 -ylmethyl}benzoic acid. MS m/z: [M + H+] calcd for C26H2gBr2N40s, 

635.04; found 636.0. 

(9-15) 2-bromo-4- (2-butyl-5-[(7^-2-hydroxycarbamoyl-l-(2-methylbenzyl) 

25 ethylcarbamoyljimidazol-1-ylmethyl}benzoic acid. MS m/z: [M + H+] caicd for 

C27H3,BrN405, 571.15; found 572.2. 

(9-16) 4-{2-butyl-5-[((7^-2-mercaptomethyl-4-methyipentanoyiamino)methyI] 

imidazol-1 -ylmethyl }-3-fiuorobenzoic acid. MS m/z: [M + H+] calcd for C23H32FN3O3S, 

450.22; found 451.2. lH-NMR (DMSO) 8.48 (IH, t), 7.73 (2H, m), 7.46 (IH, s), 5.59 (2H, 

30 s), 4.22 (2H, m), 2.85 (2H, t), 2.3 (IH, t), 2.16 (IH, t), 1.47 (2H, m), 1.22 (5H, m), 0.75 

(9H, m). 

(9-17) 4-{2-butyl-5-[((7?,)-2-mercaptomethyl-4-methylpentanoylamino)methyl] 

imidazol-1 -ylmethyl} -2,6-difluorobenzoic acid. MS m/z: [M + H*] calcd for 
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C23H3iF2N303S, 468.21; found 469.2. 1 H-NMR (DMSO) 8.49 (IH, t), 7.38 (IH, s), 6.93 

(2H, d), 5.46 (2H, s),4.2l (2H, m), 2.77 (2H, t), 2.3 1 (IH, m), 2.18 (IH, t), 1.47 (2H, m), 

1.23 (5H, m), 0.78 (9H, m). 
(9-18) 4-(2-buty l-5-[(($-2-mercaptomethyI-4-methylpentanoyiamino)methyl] 

5 imidazol-l-ylmethyl}-3-fluorobenzoic acid. MS m/z: [M + H+J calcd for C23H32FN3O3S, 

450.22; found 451.2. 'H-NMR (DMSO) 8.48 (IH, t), 7.73 (2H, m), 7.46 (IH, s), 5.59 (2H, 

s), 4.22 (2H, m), 2.85 (2H, t), 2.3 (IH, t), 2.16 (IH, t), 147 (2H, m), 1.22 (5H, m), 0.75 

(9H, m). 

(9-19) 4-{2-butyl-5-[((Sj-2-mercaptomethyl-4-methylpentanoylarruno)methyl] 

10 imidazol-1-ylmethyl}-2,6-difluorobenzoic acid. MS m/z: [M + Ff4"] calcd for 

C23H31F2N3O3S, 468.21; found 469. 1 H-NMR (DMSO) 8.49 (IH, t), 7.38 (IH, s), 6.93 

(2H, d), 5.46 (2H, s), 4.21 (2H, m), 2.77 (2H, t), 2.31 (IH, m), 2.18 (IH, 1), 1.47 (2H, m), 

1.23 (5H, m), 0.78 (9H, m). 

(9-20) 2-bromo-4-(2-butyI-5- {[2-(4-methoxybenzoylsulfanyImethyl)-4-

15 methylpentanoylamino1methyl}imidazol-l-ylmethyl)benzoic acid. MS m/z: [M + H"1"] calcd 

for C3iH38BrN305S, 644.17; found 645.2. 

(9-21) 4-(5-[(2~acetyisulfany Imethy 1-4-methy lpentanoylamino)methyl]-2-

butylimidazol-1-ylmethyl}-2-bromobenzoic acid. MS m/z: [M + FT] calcd for 

C25H34BrN304S, 552.15; found 553.2. 

20 (9-22) 2-bromo-4-{2-butyl-5-[(2-isobutyrylsulfanylmethyl-4-methylpentanoylammo) 

methyljimidazoi-l-ylmethyl}benzoic acid. MS m/z: [M + H+J calcd for C27H38BrN304S, 

580.18; found 581.2. 
(9-23) 2-bromo-4-(2~butyl-5-( [2-(2,2-dimethylpropionylsulfany Imethy l)-4-methyl-

pentanoylaminojmethyI} imidazol-1 -ylmethyl)benzoic acid. MS m/z: [M + H+] calcd for 

25 C28H4oBrN304S, 594.19; found 595.2. 

(9-24) 2-bromo-4-(2-butyl-5-{[4-methyl-2-(3-methylbutyrylsulfanylmethy!) 

pentanoylaminojmethyl} imidazol-1 -ylmethyl)benzoic acid. MS m/z: [M + H*j calcd for 

C28H4oBrN304SJ 594.19; found 595.2. 

(9-25) 2-bromo-4-(2-butyl-5-[(2-cyclohexanecarbonyIsulfanylmethyl-4-

30 methylpentanoylamino)methyIjimidazol-l-ylmethyl}benzoic acid. MS m/z: [M + H+] calcd 

for C3oH42BrN304S, 620.21; found 621.2. 

(9-26) 4-{5-[(2-benzoylsulfanylmethyl-4-methylpentanoylamino)methyl]-2-

butylimidazol-1-ylmethyl }-2-bromobenzoic acid. MS m/z: [M + Fr"J calcd for 
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CsoHjgBrNjOjS, 614,16; found 615.2. 
(9-27) 4-[5-((7?j-l-benzyl-2-mercaptoethylcarbamoyl)~2-butyUmidazol-l-ylmethy !]-2~ 

bromobenzoic acid. MS m/z: [M + H4"] calcd for C25^28BrN303S, 530.10; found 530.2. 

(9-28) 2-bromo-4-[2-butyl-5-((tfj-l-mercaptomethyl-3-methylbutylcarbamoyl) 

5 imidazol-l-ylmethyljbenzoic acid. MS m/z: [M + H+] calcd for C22H3oBrN3C>3S, 496.12; 

found 496.4. 
(9-29) 4-{2-butyl-5-[(2-mercaptopropionylamino)methyl]imidazol-l-ylmethyl}-2-

fluorobenzoic acid. MS m/z: [M + HT] calcd for C19H24FN3O3S, 394.15; found 394.2. 

(9-30) 4-{2-butyl-5-[(2-mercaptobutyrylamino)methyl]imidazol-l-ylmethyl }-2-

10 fluorobenzoic acid. MS m/z: [M + H+] calcd for C20H26FN3O3S, 408.17; found 408.2. 

(9-3 I) 4-{2-butyl-5-[(2-mercaptopentanoylamino)methyl]imidazol-i-ylmethyl}-2-

fluorobenzoic acid. MS m/z: [M + H+] calcd for C21H28FN3O3S, 422.18; found 422.2. 

(9-32) 4- {2-buty l-5-[(2-mercaptohexanoylamino)methyi]imidazol-l -ylmethyi}-2-

fluorobenzoic acid. MS m/z: [M + H+] calcd for C22H30FN3O3S, 436.20; found 436.2. 

15 (9-33) 4-{2-butyl-5-[((7?>2-mercaptomethyl-4-methylpentanoylammo)methyl] 

imidazol-1 -ylmethyl }-2-fluorobenzoic acid. MS m/z: [M + H4"] calcd for C23H32FN303S, 

450.22; found 450.2. 1H-NMR (DMSO) 8.48 (IH, t), 7.83 (IH, t), 7.38 (IH, s), 6.95 (2H, 

d), 5.48 (2H, s), 4.19 (2H, m), 2.75 (2H, t), 2.30 (IH, m), 2.14 (IH,1), 1.46 (2H, m), 1.23 

(5H, m), 0.76 (9H, m). 

20 (9-34) 4-{2-butyl-5-[((7^-2-mercaptomethyl-4-methylpentanoylamino)methyl] 

imidazol-1 -ylmethyl }-2-methylbenzoic acid. MS m/z: [M + caicd for C24H35N3O3S, 

446.24; found 446.6. 

(9-35) 4-{2-butyl-5-[((^j-2-mercaptomethyl-4-methylpentanoylamino)methyl] 

imidazol-1 -ylmethyl }-2-methoxybenzoic acid. MS m/z: [M + H4"] calcd for C24H35N3O4S, 

25 462.24; found 462.6. 

(9-36) 4-{2-butyl-5-[((K)-2-mercaptomethyl-4-methylpentanoylamino)methyl] 

imidazol-1 -ylmethyl }-2-chlorobenzoic acid. MS m/z: [M + H+] calcd for C23H32CIN3O3S, 

466.19; found 466.2. 

(9-37) 3-bromo-4-{2-butyl-5-[({7^-2-mercaptomethyl-4~methylpentanoylamino) 

30 methy I] i midazo I-1 -ylmethyl} benzoic acid. MS m/z: [M + H4"] caicd for C23H32BrN303S, 

510.13; found 510.4. 

(9-38) 4-{2-butyl-5-[(2-mercapto-3-methylpentanoylamino)methyl]imidazol-l-

yimethyi }-2-fluorobenzoic acid. MS m/z: [M + IHf] calcd for C22H30FN3O3S, 436.20; found 
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436.2. 

(9-39) 4-{2-butyl-5-[(2-mercapto-4-methylpentanoylamino)methyljimidazoi-l-

yImethyl }-2-fluoroberizoic acid. MS m/z: [M + H+J calcd for C22H30FN3O3S, 436.20; found 

436.2. 
5 (9-40) 4- {2-butyl-5-[(2-mercaptoheptanoylamino)methyij-imidazol-1 -ylmethyl }-2-

fluorobenzoic acid. MS m/z: [M + Ff J caicd for C23H32FN3O3S, 450.22; found 450.2. 

(9-41) 4- {2-buty 1- 5 - [(f$ -2-mercaptomethy 1-4-

methylpentanoylamino)methyiJimidazo!-l-ylmethyl}-3-chiorobenzoic acid. MS m/z: [M + 

Hrj calcd for C23H32ClN303Ss 466.19; found 466.4. 

10 (9-42) 4-{2-butyi-5-[((5^-2-mercaptomethy!-4-methylpentanoylamino)methyl] 

imidazol-l-ylmethyl}-2-chlorobenzoic acid. MS m/z: [M + H^j caicd for C23H32CIN3O3S, 

466.19; found 466.4. 

(9-43) 4-{2-butyl-5-[((S^-2-mercaptomethyl-4-methylpentanoyiamino)methylJ 

imidazol-l-ylmethyl}-2,5-difluorobenzoic acid. MS m/z: [M + H+] calcd for 

15 C23H31F2N3O3S, 468.21; found468.3. 'H-NMR (DMSO) 8.50 (IH, t), 7.70 (IH, m), 7,46 

(IH, s), 6.86 (IH, m), 5.55 (2H, s), 4.24 (2K, m), 2.83 (2H, t), 2.30 (IH, m), 2.16 (IH, m), 

1.52 (2H, m), 1.23 (5H, m.), 0.76 (9H, m). 

(9-44) 4-{2-butyl-5-[(2-mercapto-2-phenylacetyiamino)methy Ijimidazol- l-ylmethyl }-

2-fluorobenzoic acid. MS m/z: [M + H+J calcd for C24H26FN303S, 456.17; found 456.2. 

20 (9-45) 4-(2-butyl-5-{[2-(4-fluorophenyi)-2-mercaptoacetylamino]methyl} imidazol-1-

ylmethyl)-2-fluorobenzoic acid. MS m/z: [M + H4"] calcd for C24H25F2N3O3S, 474.16; 

found 474.2. 

(9-46) 4-{2-butyl-5-[(2-mercapto-4,4-dimethylpentanoyiamino)methy Ijimidazol-1-

ylmethyl}-2-fluorobenzoic acid. MS m/z: [M + H+j calcd for C23H32FN3O3S, 450.22; found 

25 450.2. 

(9-47) 4-{2-butyl-5-[((7?)-2-mercaptomethyl-4-methylpentanoylamino)methylJ 

imidazol-1 -ylmethyl} -2,5-difluorobenzoic acid. MS m/z: [M + H+] calcd for 

C23H31F2N3O3S, 468.21; found 468.4. 

(9-48) 4-{2-butyl-5-[((7?j-2-mercaptomethy 1-4-methy lpentanoylamino)methylj 

30 imidazol-1 -ylmethyl}-2,3-difluorobenzoic acid. MS m/z: [M + H+] calcd for 

C23H31F2N3O3S, 468.21; found 468.4. 
(9-49) 4-{2-butyl-5-[(f$-2-mercaptomethyi-4-methylpentanoylamino)methyl] 

imidazol-1-ylmethyl}-2,3-difluorobenzoic acid. MS m/z: [M + H+j calcd for 
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C23H31F2N3O3S, 468.21; found 468.4. 'H-NMR (DMSO) 8.45 (IH, m), 7.62 (IH, t), 7.42 

(IH, s), 6.71 (IH, t), 5.59 (2H, s), 4.21 (2H, m), 2.83 (2H, t), 2.28 (IH, m), 2.16 (IH, t), 

2.51 (2H,m), 1.24 (5H, m), 0.75 (9H, m). 

(9-50) 4- (2-buty !-4-chIoro-5-[((7^-2-mercaptomethyl-4-methylpentanoylamino) 

5 methyljimidazoi-1-ylmethyl }-2-fluorobenzoic acid. MS m/z: [M + FT} caicd for 

C23HHC1FN303S, 484. [8; found 484.4. 

(9-51) 4-{2-buty!-4-chloro~5-[((S}-2-mercaptomethyI-4-methylpentanoylammo) 

methyljimidazoi-1-ylmethyl }-2-fiuorobenzoic acid. MS m/z: [M + H^j calcd for 

C23H31OFN3O3S, 484.18; found 484.4. 

10 (9-52) 4-{2-butyl-5-[((7^-2-mercapto-4-methylpentanoylamino)methyl]imidazoi-l-

ylmethyl}-2-fluorobenzoic acid. MS m/z: [M + H4] calcd for C22H30FN3O3S, 436.20; found 

436.2. 'H-NMR (DMSO) 8.50 (IH, t), 7.83 (IH, t), 7.42 (IH, s), 6.96 (2H, t), 5.45 (2H, s), 

4.23 (2H, m), 3.18 (2H, m), 2.75 (IH, m), 1.18-1.50 (7H, m), 0.74 (9H, m). 

(9-53) 4-{2-butyl-5-[((S^-2-mercapto-3-phenylpropionylamino)methyljimidazol-l-

15 ylmethyl}-2-f!uorobenzoic acid. MS m/z: [M + Ff] calcd for C25H28FN3O3S, 470.18; found 

470.4. 

(9-54) 4- (2-butyl-5-[(2-mercapto~4,4-dimethylpentanoylamino)methyl]imidazol-i -

ylmethyl}-2,3-difluorobenzoic acid. MS m/z: [M + H4] calcd for C23H31F2N3O3S, 468.21; 

found 468.3. 

20 (9-55) 4- (2-buty!-5-[({^-2-mercapto-4-methyipentanoylamino)methyi]-imidazo!-1 -

ylmethyl}-2-fluorobenzoic acid. MS m/z: [M+FT^j caicd for C22H30FN3O3S, 436.20; found 

436.4-

(9-56) 4-(2-butyi-5-[((^-2-mercapto-4-methylpentanoyiamino)methyIj-imidazoi-l-

ylmethyl}-2,3-difluorobenzoic acid. MS m/z: [M+H+J calcd for C22H29F2N3O3S, 454.19; 

25 found 454.2. 

(9-57) 4-(2-butyl-5-[(2-mercaptomethyl-3-methylpentanoylamino)methyl]-imidazol-

1 -yImethy 1}-2,3-difluorobenzoic acid. MS m/z: [M+H+J calcd for C23H31F2N3O3S, 468.21; 

found 468.2. 

(9-58) 4- (2-buty l-5-[(4,4,4-trifluoro«2-mercaptobutyryiamino)methyl j-imidazol-1 -

30 ylmethyl}-2-fluorobenzoic acid. MS m/z: [M+H4] calcd for C20H23F4N3O3S, 462.14; 

found 462.4. 

(9-59) 4- (2-buty 1-5- [{(S) -2-mercapto-4,4-dimethy Ipentanoy lammo)methy l]-iimdazol-

l-ylmethyl}-2,3-difluorobenzoic acid. MS m/z: [M+Ff*] calcd for C23H3iF2N303S5 468.21; 
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found 468.5. 
(9-60) 4-{2-buty!-5-[(f/^-2-mercapto-4,4-dimethylpentanoylamino)methy[]-imidazol-

l-ylmethyl}-2,3-difluorobenzoic acid. MS m/z: [M+H+] caicd for C23H31F2N3O3S, 468.21; 

found 468.5. 
5 (9-61) 4-{4-ethyi-5-[(f5>2-mercaptomethyl-4-methyipentanoylammo)methyI}-2-

propylimidazol-1-ylmethyl }-2,3~difluorobenzoic acid. MS m/z: [M+H+] calcd for 

C24H33F2N3O3S, 482.22; found 482.3. 

(9-62) -{4-ethyl-5-[(f^-2-mercapto-4-methylpentanoyiamino)methyl]-2-

propylimidazol-1-ylmethyl }-2,3-difluorobenzoic acid. MS m/z: [M+FI4"] calcd for 

10 C23H31F2N303S, 468.21; found 468.4. 

(9-63) 2,3-difluoro-4~{5-[(f$-2-mercapto-4-methylpentanoylamino)methyIj-2-propyl-

imidazo I - i -y Imethy 1} benzoic acid. MS m/z: [M+H+] calcd for C2iH2?F2N303S, 440.17; 

found 440.2. 

EXAMPLE 10 

15 Following the procedures described in the examples above, and substituting the 

appropriate starting materiais and reagents, compounds 10-1 to 10-5, having the following 

formula, were also prepared: 

Br 
Ex. R" RJ 

10-1 H -(CH3)2CH3 

10-2 H -(CHS^CHB 
10-3 H -CHJCH3 

10-4 H -CH2CH3 
10-5 Cl -CH2CH3 

20 (10-1) 2-bromo-4- { 5-[((jR)-2-mercaptomethy i-4-methy Ipentanoy lammo)methy lj-2-

propylimidazol-1-ylmethyljbenzoic acid. MS m/z: [M + FTj calcd for C22Fl3oBrN303S, 

496.12; found 497.2. 

(10-2) 2-bromo-4-{5-[(fS/)-2-mercaptomethyi-4-methylpentanoylamino)methyl]-2-

propyiimidazol-l-ylmethyl}benzoic acid. MS m/z: [M + H+] calcd for C22FI3oBrN303S, 

25 496.12; found 497.2. 

(10-3) 2-bromo-4- {2-ethy l-5-[((7^-2-mercaptomethyl-4-methylpentanoy lamino) 

methyljimidazoi-l-ylmethyI}benzoic acid. MS m/z: [M + H*] calcd for C2iH28BrN3G3S, 
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482.10; found 483.2. 

(10-4) 2-bromo-4- {2-ethy I-5-[((5^-2-mercaptomethy i-4-methy ipentanoy lamino) 

methyljimidazoi-1-ylmethyl}benzoic acid. MS m/z: [M + Ff"j calcd for CiiHisBrH^O^S, 

482.10; found483.2. 'H-NMR (MeOH) 8.67 (IH, t), 7.83 (IH, d), 7.51 (2H, d), 7.10 (IH, 

d), 5.57 (2H, d), 4.47 (IH, dd), 4.61 (IH, dd), 2.93 (2H, q), 2.56 (2H, m), 2.38 (IH, m), 

1.36 (7H, m), 0.83 (6H, dd). 

(10-5) 2-bromo~4-{4-chloro-2-ethyl-5-[((S)-2-mercaptomethyl-4-

methylpentanoyiammo)methyl]-imidazol-l-ylmethyl}benzoic acid. MS m/z: [M + H*] 

calcd forC2iH27BrCiN303S, 516.06; found 518.0. 

EXAMPLE 11 

Following the procedures described in the examples above, and substituting the 

appropriate starting materials and reagents, compounds 11-1 to 11-20, having the following 

formula, were also prepared: 

Ex. Ria R6 

11-1 -CH(CH3)-0-C(0)0-CH7CH3 benzyl 
11-2 -CH, -(CH2)?-phenyl 
11-3 -CK3 -CH2-thiophen-3-yl 
11-4 -CH3 -CH2-furan-2-yi 
11-5 -CH, benzyl 
11-6 -CH2CH3 benzyl 
11-7 -(CH,)?CH, benzyl 
11-8 -CH(CH,)-CF3 benzy! 
11-9 -(CH2)2-CF7CF-i benzyl 
11-10 -CH(CH?F)? benzy! 
11-11 -CH(CH,)-0-C(0)0-CH(CH3)2 benzyl 
11-12 -CH(CH3)-0-C(0)0-cYclohexyi benzyl 
11-13 cyclopentyl benzyi 
11-14 -CH(CH3)2 benzyl 
11-15 -CH2-pvridin-4-vI benzyl 
11-16 benzyl benzyl 
11-17 4-fltiorobenzyl benzyl 
11-18 4-trifluoromethylbenzyi benzyl 
11-19 4-trifluoromethoxybenzvl benzyl 
11-20 indan-5-yi benzyl 

(11 -1) 4-[5-(I -benzyi-2-hydroxycarbamoylethy icarbamoy !)-2-buty {-imidazol-1 -

ylmethyljbenzoic acid 1 -ethoxycarbonyloxyethyl ester. MS m/z: [M + FT4"] calcd for 
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C31H38N4O8, 595.27; found 595.5. 

(11-2) 4-[2-butyl-5-((7?M-hydroxy carbamoylmethyl-3-phenylpropylcarbamoyl) 

imidazol-1-ylmethyljbenzoic acid methyl ester. MS m/z: [M + H+] calcd for C28H34N4OS, 

507.25; found 508.1. 

5 (11-3) 4-[2-butyl-5-((7?,)-2-hydroxy carbamoyl-1 -thiophen-3-y Imethylethylcarbamoy 1) 

imidazol-1-ylmethyljbenzoic acid methyl ester. MS m/z: [M + H+] calcd for C25H30N4O5S, 

499.19; found 500.1. 

(11 -4) 4-[2-butyl-5-((7?)-1 -fiiran-2-ylmethy i-2-hydroxycarbamoylethylcarbamoy 1) 

imidazol-1-ylmethyljbenzoic acid methyl ester. MS m/r. [M + H+j calcd for C2sH3oN4065 

10 483.22; found 483.9. 

(11-5) 4-[5-(l-benzy 1-2-hydroxycarbamoylethylcarbamoy l)-2-butylimidazoI-l-

ylmethyljbenzoic acid methyl ester. MS m/z: [M + H+] calcd for C27H32N4O5, 493.24; 

found 493.2. 

(11-6) 4-[5-(l-benzyl~2-hydroxycarbamoylethylcarbamoyl)-2-butylimidazol-l-

15 ylmethyljbenzoic acid ethyl ester. MS m/z: [M + H+j calcd for C28H34N4O5, 507.25; found 

507.2. 

(11-7) 4-[5-( 1 -benzy l-2-hydroxycarbamoy lethy Icarbamoy I)-2-buty limidazol-1 -

ylmethyljbenzoic acid propyl ester. MS m/z: [M + H+] calcd for C29H36N405, 521.27; 

found 521.2. 

20 (11 -8) 4-[5-( 1 -benzyl-2-hydroxycarbamoylethylcarbamoy i)-2-butylimidazol-1 -

ylmethyljbenzoic acid 2,2,2-trifluoro-1 -methylethyl ester. MS m/z: [M + H+] calcd for 

C29H33F3N4O5, 575.24; found 575. 

(11-9) 4-[5-(l-benzy 1-2-hydroxycarbamoy lethy Icarbamoy l)-2-butylimidazol-1 -

ylmethyljbenzoic acid 3,3,4,4,4-pentafluorobutyl ester. MS m/z: [M + H+j calcd for 

25 C30H33F5N4O5, 625.24; found 625. 

(11-10) 4-[5-( 1 -benzy 1-2-hydroxycarbamoy lethy Icarbamoy l)-2-buty limidazol-1 -

ylmethyljbenzoic acid 2-fluoro-1 -fluoromethylethyl ester. MS m/z: [M + H4"] calcd for 

C29H34F2N4O5, 557.25; found 557. 

(1 l-l I) 4-[5-( 1 -benzy l-2-hydroxycarbamoylethylcarbamoyl)-2-butylimidazol-1 -

30 ylmethyljbenzoic acid I -isopropoxycarbonyloxyethyl ester. MS m/z: [M + FT] calcd for 

C32H40N4O8, 609.28; found 609.4. 

(i 1-12) 4-[5-( 1 -benzy 1-2-hydroxy carbamoylethy Icarbamoy l)-2-butylimidazol-1 -

ylmethyljbenzoic acid 1 -cyclohexyloxycarbonyloxyethyl ester. MS m/z: [M + FT*] calcd for 
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C35H44N4O8, 649.32; found 649.4. 

(11-13) 4-[2-butyl-5-( l-hydroxycarbamoylmethyl-2-phenyiethy Icarbamoy l)imidazol-1 -

ylmethyljbenzoic acid cyciopentyl ester. MS m/z: [M + H*] calcd for C31H38N4O5, 547.28; 

found 547. 

5 (11-14) 4-[2-butyl-5-( I-hydroxy carbamoylmethyl-2-pheny lethy Icarbamoy l)imidazol-l-

ylmethyljbenzoic acid isopropyl ester. MS m/z: [M + H*J calcd for C29H36N4O5, 521.27; 
found 521. 

(11-15) 4-[5-( 1 -benzy 1-2-hydroxycarbamoy lethy Icarbamoy i)-2-buty limidazol-1 -

ylmethyljbenzoic acid pyridin-4-ylmethyl ester. MS m/z: [M + H+j calcd for C32H35N5O5, 

10 570.26; found 570.6. 

(11-16) 4-[5-( 1 -benzy l-2-hydroxy carbamoy lethyicarbamoyl)-2-butylimidazol-1 -

ylmethyljbenzoic acid benzyl ester. MS m/z: [M + H^j calcd for C33H36N4O5, 569.27; 
found 569.4. 

(11-17) 4-[5-( 1 -benzy 1-2-hydroxycarbamoy lethylcarbamoyl)-2-buty limidazol-1 -

15 ylmethyljbenzoic acid 4-fluorobenzyl ester. MS m/z: [M + H+J calcd for C33H35FN4O5, 
587.26; found 587.0. 

(11-18) 4-[5-( 1 -benzy 1-2-hydroxycarbamoy lethylcarbamoy l)-2-butylimidazol-1 -

ylmethyljbenzoic acid 4-trifluoromethylbenzyl ester. MS m/z: [M + H^j calcd for 

C34H35F3N4O5, 637.26; found 638.0. 

20 (11-19) 4-[5-(l-benzyl-2-hydroxycarbamoylethylcarbamoyl)-2-butylimidazol-l-

ylmethyljbenzoic acid 4-trifluoromethoxybenzyI ester. MS m/z: [M + Fl+J caicd for 

C34FI35F3N4O6, 653.25; found 653.2. 

(11 -20) 4-[2-butyl-5-(l-hydroxy carbamoylmethyl-2-phenylethylcarbamoyl)imidazol-1 -

ylmethyljbenzoic acid indan-5-yl ester. MS m/z: [M + H^J calcd for C35H38N4O5, 595.28; 
25 found 595.2. 

Following the procedures described in the examples above, and substituting the 

appropriate starting materials and reagents, compounds 12-1 to 12-20, having the following 

formula where R is an optional substituent, were also prepared: 

EXAMPLE 12 

30 
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Ex. Rla R R* R6 

12-1 -CH3 - -CH2SH -CH2CH(CH3)2 

12-2 H 2-bromo -CH2SH -CH2CH(CH-^ 
12-3 -CH3 2-bromo -CH2SH -CH?CH(CH3)J 
12-4 -CH3 2-bromo -CH2SC(0)CH3 -CH2CH(CH3)2 

12-5 -CH2CH3 2-bromo -CH2SH -CH2CH(CH3>2 
12-6 -CH(CH3)2 2-bromo ~CH?SH -CH2CH(CH.,>2 
12-7 -(CH2)3CH3 2-bromo -CH2SH -CH2CH(CH3)2 

12-8 -CH3 2-fluoro -CH2SC(0)CH3 -CH,CH(CH3>2 
12-9 -CH3 2-methyl -CH2SC(0)CH3 ~CH2CH(CH3}2 

12-10 -CH3 2-methoxv -CH2SC(0)CH3 -CH2CH(CH3)2 

12-11 -CH3 2-chloro -CH2SC(0)CH3 -CH2CH(CH3)2 

12-12 ~CH3 3-chloro -CH3SC(0)CH3 -CH?CH(CH3)2 

12-13 -CH3 2-chloro -CH2SC(0)CH, -CH,CH(CH3}2 

12-14 -CH3 2-fluoro -SC(0)CH3 phenyl 
12-15 -CH3 2-fluoro -SC(0)CH3 2-chlorophenyl 
12-16 -CH, 2-fluoro ~SC(0)CH3 4-fluorophenyi 
12-17 -CH3 2-fluoro -SC(0)CH3 4-chloropheny! 
12-18 -CH3 2-fluoro -SC(0)CH3 -CH?CH(CH)h 
12-19 ~CH3 2-fluoro -SC(0)CH3 -CH(CH3}2 

12-20 -CH3 2-fluoro -SC(0)CH3 -CH2C(CH3)3 

(12-1) 4-{2-butyl-5-[(2-mercaptomethyl-4-methylpentanoylamino)methyl]imidazol-l-

ylmethyl}benzoic acid methyl ester. MS m/z: [M + H+] calcd for C24H35N303S, 446.24; 

found 446.3. 

5 (12-2) 2-bromo-4-(2-buty l-5-[(2-mercaptomethy 1-4-methy Ipentanoylamino)methyl] 

imidazol-1-ylmethyl}benzoic acid. MS m/z: [M + H+] calcd for C23H32BrN303S, 510.13; 

found 511. 

(12-3) 2-bromo-4-(2-butyl-5-[(2-mercaptomethyi-4-methylpentanoylamino)methyI] 

imidazol-l-ylmethyl}benzoic acid methyl ester. MS m/z: [M + H+] calcd for 

10 C24H34BrN303S, 524.15; found 524.4. 

(12-4) 4-{ 5-[(2-acetylsulfanylmethy 1-4-methy Ipentanoy lamino)methy l]-2-

butylimidazol-1 -ylmethyl}-2-bromobenzoic acid methyl ester. MS m/z: [M + H+] calcd for 

C26H36BrN304Ss 566.16; found 566.1. 

(12-5) 2-bromo-4-{2-butyl-5-[(2-mercaptomethyl-4-methylpentanoylamino)methyl] 

15 imidazol-l-ylmethyl}benzoic acid ethyl ester. MS m/z: [M + H+] calcd for C2sH36BrN303S, 

538.17; found 539.2. 

(12-6) 2-bromo-4-{2-butyl-5-[(2-mercaptomethyl-4-methylpentanoyiamino)methyl] 

imidazol-l-ylmethyl}benzoic acid isopropyl ester. MS m/z: [M + H+] caicd for 

C26H38BrN303S, 552.18; found 553.2. 
20 (12-7) 2-bromo-4-{2-butyl-5-[(2-mercaptomethyl-4-methylpentanoylamino)methyl] 
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imidazol-!-ylmethyl}benzoic acid butyl ester. MS m/z: [M + H+] calcd for 

C27H4oBrN303S, 566.20; found 567.2. 

(12-8) 4-{5-[((7?)-2-acetylsulfanylmethyi-4~methyipentanoylamino)methyl}-2-butyl-

imidazol-1-ylmethyl}-2-fluorobenzoic acid methyl ester. MS m/z\ [M + H+] calcd for 

5 C26H36FN304S, 506.24; found 506.2. 

(12-9) 4-{5-[((^-2-acetylsulfanylmethyl-4-methylpentanoyiamino)methyl]-2-

butylimidazol-1-ylmethyl }-2-methylbenzoic acid methyl ester. MS m/z: [M + H+] calcd for 

C27H39N3O4S, 502.27; found 502.2. 

(12-10) 4-{5-[((7^-2-acetylsulfanylmethyl-4-methylpentanoylamino)methyl]-2-

10 butylimidazol-1-ylmethyl }-2-methoxybenzoic acid methyl ester. MS m/z: [M + H+] calcd 

for C27H39N3O5S, 518.26; found 518.2. 

(12-11) 4-{5-[((£,)-2-acetylsulfanylmethyl-4-methylpentanoylamino)methyl]-2-

butylimidazol-1 -ylmethyl }-2-chlorobenzoic acid methyl ester. MS m/z: [M + H+] calcd for 

C26H36CIN304S, 522.21; found 522.1. 

15 (12-12) 4-{5-[(fSj-2-acetylsulfanylmethyl-4-methylpentanoylamino)methyl]-2-

butylimidazol-1-ylmethyl }-3-chlorobenzoic acid methyl ester. MS m/z: [M + H+] calcd for 

C26H36CIN3O4S. 522.21; found 523.2. 

(12-13) 4-{5-[((5>2-acetylsulfanylmethyl-4-methylpentanoylamino)methyl]-2-

butylimidazol-1 -ylmethyl} -2-chlorobenzoic acid methyl ester. MS m/z: [M + H4"] calcd for 

20 C26H36CIN3O4S, 522.21; found 523.2. 

(12-14) 4-{5-[(2-acetylsulfanyl-2-phenylacetylammo)methyl]-2-butylimidazol-l-

ylmethyl}-2-fluorobenzoic acid methyl ester. MS m/z: [M + calcd for C27H30FN3O4S, 

512.19; found 512.2. 

(12-15) 4-(5-{[2-acetylsulfanyi-2-(2-chlorophenyl)-acetylamino]methyl}-2-

25 butylimidazol-l-ylmethyl)-2-fluorobenzoic acid methyl ester. MS m/z: [M + FT] calcd for 

C27H29C1FN304S, 546.16; found 546.2. 

(12-16) 4-(5-{[2-acetylsulfanyl-2-(4-fluorophenyl)-acetylamino]methyl}-2-

butylimidazol- 1-yImethyl)-2-fluorobenzoic acid methyl ester. MS m/z: [M + FT] calcd for 

C27H29F2N3O4S, 530.18; found 530.2. 

30 (12-17) 4-(5- {[2-acety Isulfany l-2-(4-chloropheny l)-acety laminojmethy 1} -2-

butylimidazol-1 -ylmethyl)-2-fluorobenzoic acid methyl ester. MS m/z: [M + FT] calcd for 

C27H29CIFN3O4S, 546.16; found 546.2. 

(12-18) 4-{5-[(2-acetylsulfanyl-4-methy lpentanoylamino)methyl]-2-butylimidazol-1-
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ylmethy I }-2- fluorobenzoic acid methyl ester. MS m/z: [M + H+] calcd for C25H34FN3O4S, 

492.23; found 492.2. 

(12-19) 4-{5-[(2-acetylsulfanyl-3-methylbutyrylamino)methyl]-2-butylimidazol-l-

y Imethy l}-2-fluorobenzoic acid methyl ester. MS m/z: [M + H*] caicd for C24H32FN3O4S, 

5 478.21; found 478.2. 

(12-20) 4-{5-[(2-acetylsulfanyl-4,4-dimethylpentanoylamino)methyl]-2-butylimidazo[-

1 -ylmethyl }-2-fluorobenzoic acid methyl ester. MS m/z: [M + FT] calcd for 

C26H36FN3O4S, 506.24; found 506.2. 

EXAMPLE 13 

10 Following the procedures described in the examples above, and substituting the 

appropriate starting materials and reagents, the following compound was also prepared: 

o ^0 
/ 

4-{5~[fi?/)-2~(fS)-2-Acetyisuifanyl-l-benzylethylcarbarnoyI)-l-berizylethyl-

carbamoyl]-2-butylimidazol-l-ylmethy[}benzoic acid methyl ester, MS m/z: [M +• H+] 

15 calcd for C38Fi44N405S, 669.30; found 669.5. 

EXAMPLE 14 

Following the procedures described in the examples above, and substituting the 

appropriate starting materials and reagents, compounds 14-1 to 14-24, having the following 

formula, were also prepared: 

Ex. R1 R2 X R6 R° 
14-1 -0-CH(CH3>-

COOH 
CI -C(0)NH- -CH2C(0)N(0H)H -CH2CH(CH3)2 

14-2 -NHSO2-CF3 Cl -C(0)NH- -CH?C(0)N(0H)H benzyl 
14-3 -NHSOrCF3 H -C(0)NH- -CH?C(0)N(0H>H benzyl 
14-4 -SO2-

NHC(0)CH, 
H -C(0)NH~ -CH2C(0)N(0H)H benzyl 
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Ex. R* R1 X R5 Rb 

14-5 -SO2-NH-
C(0)NH-

<CH2)2-CH3 

H -C(0)NH- -CH?C(0)N(0H)H benzyi 

14-6 -SO2-NH-
C(0)NH-

(CH2)2-CH3 

H -C(0)NH- -CH2C(0)N(0H)H 4-chlorobenzyl 

14-7 -KHSO2-CF3 H -CfO)NH- -CH?C(0)N(0H)H -CH2CH(CH3>2 
14-8 -NHS02-CF3 H -C(0)NH- benzyl 
14-9 -G-CH(CH3}-

COOH 
Cl -C(0)NH- -CH2C(0)N(0H)H benzyl 

14-10 -0-CH(CH3)-
COOH 

H -C(0)NH- -CH2C(0)N(0H)H -CH2CH(CH3)2 

54-11 -C(0)0-(CH,)r 
CF3 

H -C(G)NH- -CH2C(0)N(0H)H benzyl 

14-12 -SO?OH H -C(Q)NH- -CH?C(0)N(0H)H benzyl 
14-13 -SOjOH H -C(0)NH- -CH2C(0)N(0H)H benzyl 
14-14 -SO2OH H -C(Q)NH- -CH,C(0)N(0H)H -CH7CH(CH3)2 

14-15 -SO2OH H -C(0)NH- -CH2C(0)N(0H)H 4-chlorobenzyl 
14-16 -SO2OH H -CfO)NH- -CH7C(0)N(0H)H benzyl 
14-17 -NHSO2-CF3 H -C(Q)NH- -CH2C(0)N(0H)H benzyl 
14-18 tetrazolyi H -C(0)NH- -CH2C(0)N(0H)H 2-bromobenzyl 
14-19 tetrazoly! H -C(0)NH- -CH2C(Q)N(OH)H benzyl 
14-20 tetrazolyi H -CfO)NH- -CH2COOH benzyl 
14-21 tetrazolyi H -C(0)NH- -CH2C(0)N(0H)H -CH2CH(CH3)2 

14-22 tetrazolyi H -C(0)NK- -CH2SH benzyl 
14-23 tetrazolyi H -C(0)NH- -CH2SH -CH2CH(CH3)2 

14-24 -S02NHC(0)-
phenyi 

H -CH2-
NHC(O)-

-CH2SH -CH2CH(CH3)2 

(14-1) 2-(4-[2-butyl-4-chloro-5-(l-hydroxycarbamoy lmethyl-3-methylbutyl-

carbamoyl)imidazol-l-yimethyl]phenoxy}propionic acid. MS m/z: [M + FI+] calcd for 

C25H35CIN4O6, 523.22; found 523.4. 
5 (14-2) 2-butyl-5-chloro-3-(4-trifluoromethanesulfonyiaminobenzyl)-3 H-imidazoie-4-

carboxylic acid (1 -hydroxycarbamoylmethyi-2-phenylethyl)amide. MS m/z: [M + FT] 

calcd for C26H29CIF3N5O5S, 616.15; found 616.4. 

(14-3) 2-butyl-3-(4-trifluoromethanesulfonylaminobenzyl)-3H-imidazole-4-carboxylic 

acid (1 -hydroxycarbamoy lmethyl-2-phenylethyl)amide. MS m/z: [M + FT*"] calcd for 

10 C26H30F3N5O5S, 582.19; found 582.4. 

(14-4) 3-(4-acetylsulfamoylbenzyl)-2-buty[-3H-imidazoie-4-carboxyUc acid (1-

hydroxycarbamoylmethyl-2-phenylethyl)amide. MS m/z: [M + FT] calcd for C27H33N5O6S, 

556.22; found 556.3. 

(14-5) 2-butyl-N-(4-(hydroxyamino)-4-oxo-1 -phenylbutan-2-yl)-1 -(4-(N-

15 (propylcarbamoyl)sulfamoyl)benzyl)-lH-imidazole-5-carboxamide. MS m/z: [M + it] 
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calcd for C29H38N6O6S, 599,26; found 599.4. 

(14-6) ($-2-buty!-N-(l-(4-chlorophenyl)-4-(hydroxyamino)-4-oxobutan-2-yl)--l-(4-

(N-(propyIcarbamoyl)sulfamoyi)benzyl)-lH-imidazole-5-carboxamide. MS m/z: [M + Ff~j 

calcd for C29H37C1N606S, 633.22; found 634.2. 
5 (14-7) 2-buty l-3-(4-trifluoromethanesulfonylaminobenzyl)-3H-imidazole-4-carboxylic 

acid -hydroxycarbamoylmethyl-3-methylbutyl)amide. MS m/z: [M + Ff~j calcd for 

C23H32F3N5O5S, 548.21; found 548.3. 

(14-8) 2-buty i-3-(4-trifluoromethanesulfony lamino-benzyl)-3FI-imidazole-4-

carboxyiic acid ((S)-1-benzyl-2-hydroxycarbamoy lethyl)amide. MS m/z: [M + FI+] calcd 

10 forC26H3oF3N5OsS, 582.19; found 582.3. 

(14-9) 2-(4-[2-butyl-4-chloro-5-(l-hydroxycarbamoy lmethyl-2-phenylethyl-

carbamoy[)imidazol-l-ylmethyl]phenoxy}propionic acid. MS m/z: [M + H+] calcd for 

C28H33C1N406, 557.21; found 557.0. 

(14-10) 2-{4-[2-butyl-5-(f£H-hydroxycarbamoylmethyl-3-methylbutylcarbamoyl) 

15 imidazol-l-ylmethyl]phenoxy}propionic acid. MS m/z: [M + H+] calcd for C25H36N4O6, 

489.26; found 489.4. 

(14-11) 4-[5-(l -benzy 1-2-hydroxycarbamoy lethy Icarbamoy I)-2-buty limidazol-1 -

ylmethyljbenzoic acid 3,3,3-trifluoropropyl ester. MS m/z: [M + H*j calcd for 

C29FI3 3F3N4,05, 575.24; found 575.4. 

20 (14-12) 4-[5-( 1 -benzyl-2-hydroxycarbamoylethy Icarbamoy l)-2-butylimidazol-1 -

ylmethyljbenzenesulfonic acid. MS m/z: [M + FI+j calcd for C25H30N4O6S, 515.19; found 

515.5. 

(14-13) 4-[5-((S/M -benzy 1-2-hydroxycarbamoy lethy Icarbamoy l)-2-buty limidazol-1 -

ylmethyljbenzenesulfonic acid. MS m/z: [M + FI+] calcd for C25H30N4O6S, 515.19; found 

25 515.5. 

(14-14) 4-[2-butyl-5-( I -hydroxycarbamoy imethy l-3-methylbutylcarbamoyl)imidazol-1 -

ylmethyljbenzenesulfonic acid. MS m/z: [M + HT] calcd for C22Fi32N406S, 481.20; found 

481.2. 

(14-15) 4-{2-butyl-5-[(5/)-l-(4-chlorobenzyl)-2-hydroxycarbamoylethylcarbamoylj 

30 imidazol-1 -ylmethyl}benzenesulfonic acid. MS m/z: [M + FTj calcd for C25F£29CIN4G6S, 

549.15; found 550.2. 

(14-16) A-[5-((R)-1 -benzy I-2-hydroxycarbamoy 1-ethy Icarbamoy l)-2-buty limidazol-1 -

ylmethyljbenzenesulfonic acid. MS m/z: [M + Ff] calcd for C25H30N4O6S, 515.19; found 
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515.2. 

(14-17) 2-buty l-3-(4-trifluoromethanesulfonylaminobenzyl)-3H-imidazole-4-carboxy lie 

acid {(R)-\-benzyl-2-hydroxycarbamoylethyl)amide. MS m/z: [M + H+] calcd for 

C26H30F3N5O5S, 582.19; found 582.2. 
5 (14-18) 2-butyl-3"[4-(lH-tetrazol-5-yl)benzyl]-3FI-imidazole-4-carboxylic acid [(R)-2-

(2-bromophenyl)-l-hydroxycarbamoylmethylethyI]amide. MS m/z: [M + H+] calcd for 

C26H29BrN803, 581.15; found 583.3. 

(14-19) 2-butyl-3-[4-(lH-tetrazol-5-yl)benzyl]-3H~imidazole-4-carboxylic acid {(R)-1 -

hydroxycarbamoylmethyl-2-phenvlethyl)amide. MS m/z: [M + Ft"] calcd for C26FI30N8O3, 

10 503.24; found 503.5. 

(14-20) (7?j-3-({2-butyi-3-[4~(lFI-tetrazol-5-yl)benzyl]-3H-imidazole-4-carbonyl} 

amino)-4-phenyIbutyric acid. MS m/z: [M + FI4"] caicd for C26H29N7O3, 488.23; found 
488.3. 

(14-21) 2-butyl-3-[4-(lF[-tetrazol-5-yl)benzyl]-3H-imidazole-4-carboxyHc acid ((R)-l~ 

15 hydroxycarbamoylmethyl-3-methylbutyl)amide. MS m/z: [M + H+] calcd for C23H32N8O3, 

469.26; found 469.2. 

(14-22) 2-butvl-3-[4-(2FI-tetrazoi-5-yl)benzyl]-3FL-imidazole-4-carboxylic acid ((7?j-I-

mercaptomethyl-2-phenylethyl)amide. MS m/z: [M + H4] calcd for C25H29N7OS, 476.22; 

found 476.4. 

20 (14-23) 2-butyl-3-[4-(2FI-tetrazol-5-yl)benzyl]-3F[-imidazoie-4-car boxy lie acid ((R)-\-

mercaptomethyl-3-methylbutyl)amide. MS m/z: [M + Ff4"] calcd for C22FI31N7OS, 442.23; 

found 442.4. 

(14-24) 2-mercaptomethyl-4-methylpentanoic acid [3-(4-benzoylsulfamoylbenzyl)-2-

butyl-3Fl-imidazol-4-ylmethyI]amide. MS m/z: [M+FT] calcd for C29H38N4O4S2, 571.23; 

25 found 571.2. 

EXAMPLE 15 

Following the procedures described in the examples above, and substituting the 

appropriate starting materials and reagents, compounds 15-1 to 15-12. having the following 

formula, were also prepared: 
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Ex. R2 X R" R° 
15-1 H -C(0)NH- -CH?C(0)N(0H)H -CHjCHfCH^ 
15-2 Cl -CHrNHC(0)- -CH2SH -CH2CH(CH3)2 

15-3 Cl -CH2-NHC(OV -CHiSH benzvi 
15-4 CI -CHrNHC(0)- -CH2SH ~CH(CH3)2 

15-5 Cl -CH2-NHC(0)- -SH -CH(CH3>-CH2CH3 

" 15-6 Cl -CH2-NHC(0)-CH2-
NHCfO)-

-CH2 SH benzyl 

15-7 Cl -CH2-NHC(0)- -C(D>N(OH)H -CH2CH(CH,)2 

15-8 Cl -CH2-NHC(0)- -C(0)N(0H)H benzyl 
15-9 H -CfO)NH- -CH7C(0)N(OH)H benzyl 
15-10 H -C(0)NH- -CH2C(0)N(0H)H benzyl 
I5-U Cl -C(0)MH- -CH?C(0)N(0H)H benzyl 
15-12 Cl -CfO)NH- -CH2CCO)N(OH)H benzyi 

(15-1) 3-[2-butyl-5-(l-hydroxycarbamoylmethyl-3-methylbutylcarbamoyl)imidazol-l-

5 ylmethyljbenzoic acid. MS m/z: [M + H+j calcd for C23H32N4O5, 445.24; found 445.2. 

(15-2) 3- {2-butyl-4-chloro-5-[(2-mercaptomethyl-4-methylpentanoylamino)methylj 

imidazol- l-ylmethyl}benzoic acid. MS m/z: [M + H4*] calcd for C23H32CIN3G3S, 466.19; 

found 466.2. 

(15-3) 3-{2-butyi-4-chioro-5-[(2-mercaptomethyl-3-phenyipropionylamino)methylj 

10 imidazol-1-ylmethyl}benzoic acid. MS m/z: [M + H*j calcd for C26H30CIN3O3S, 500.17; 

found 500.2. 

(15-4) 3-{2-butyl-4-chloro-5-[(2-mercaptomethyl-3-methylbutyrylamino)methylj 

imidazol-1-ylmethyljbenzoic acid. MS m/z: [M + H^j caicd for C22H3oClK303S5 452.17; 

found 452.2. 

15 (15-5) 3-{2-butyl-4-chloro-5-[(2-mercapto-3-methylpentanoylamino)methyljimidazol-

1 -ylmethyl}benzoic acid. MS m/z: [M + H4] calcd for C22H30CIN3O3S, 452.17; found 

452.2. 

(15-6) 3-(5-{[2-(2~benzyl-3-mercaptopropionylamino)acetylaminojmethyI}-2-butyl-4-

chloroimidazol-1 -ylmethyl)benzoic acid. MS m/z: [M + H+j calcd for C2gH33ClN404S, 

20 557.19; found 557.2. 

(15-7) 3-{2-butyl-4-chloro-5-[(2-hydroxycarbamoyl-4-methylpentanoylamino)methylj 
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imidazol-1 -ylmethyl}benzoic acid. MS m/z: [M + H*] calcd for C23H3iCIN405, 479.20; 

found 479.2. 

(15-8) 3-(2-buty l-4-chloro-5-[(2-hydroxycarbamoyl-3-phenylpropionylamino)methylj 

imidazol-1 -ylmethyl}benzoic acid. MS m/z: [M + H*] caicd for C26H29CIN4O5, 513.18; 

5 found 513.2. . 

(15-9) 3-[2-butyl-5-(l-hydroxycarbamoy Imethy l-2~phenylethylcarbamoyl)imidazol-l-

yimethyljbenzoic acid. MS m/z: [M + H*j calcd for C26H30N4O5, 479.22; found 479.4. 

(15-10) 3-[2-butyl-5-((/?/)-i-hydroxycarbamoy Imethy i-2-phenylethylcarbamoyl) 

imidazol-1 -ylmethyljbenzoic acid. MS m/z: [M + H+j calcd for C26H30N4O5, 479.22; found 

10 479.4. 

(15-11) 3-[2-buty l-4-chloro-5-((K,)- l-hydroxycarbamoylmethyl-2-phenylethyl-

carbamoyl)imidazoM -ylmethyljbenzoic acid. MS m/z: [M + H*j calcd for C26H29CIN4O5, 

513.18; found 514.2. 

(15-12) 3-[2-butyl-4-chloro-5-(l-hydroxycarbamoylmethyl-2-phenylethylcarbamoyl) 

15 imidazol-1-ylmethyljbenzoic acid. MS m/z: [M + FT] calcd for C26H29CIN4O5, 513.18; 

found 514.2. 

EXAMPLE 16 

Following the procedures described in the examples above, and substituting the 

appropriate starting materials and reagents, compounds 16-1 to 16-4, having the following 

20 formula, were also prepared: 

Ex. -X R6 
16-1 -CH2-NHCfO)- -CH2CH(CH^ 
16-2 -CH2-NHC(0)- benzyl 
16-3 -CH2-NHC(0)- -CHfCH^ 
16-4 -CH2-NHC(0)-CH2-NHC(0V benzyl 

(16-1) 2-(2-buty l-4-chloro-5-[(2-mercaptomethyl-4-methyipentanoyiamino)methyl] 

imidazol-l-ylmethyl}benzoic acid. MS m/z: [M + tTj calcd for C23H32CIN3O3S, 466.19; 
25 found 467. 

(16-2) 2-(2-buty l-4-chioro-5-[(2-mercaptomethyI-3-phenylpropionyiamino)methyl] 
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imidazol-1 -ylmethyl}benzoic acid. MS m/z: [M + H+] calcd for C26H30CIN3O3S, 500.17; 

found 501. 

(16-3) 2-(2-butyl-4-chloro-5-[(2-mercaptomethyl-3-methylbutyrylamino)methyl] 

imidazol-l-ylmethyl}benzoic acid. MS m/z: [M + H+] calcd for C22H30CIN3O3S, 452.17; 

5 found 453. 

(16-4) 2-(5-([2-(2-benzyl-3-mercaptopropionylamino)acetylamino}methyl}-2-butyi-4-

chloroimidazol-l-ylmethyl)benzoic acid. MS m/z: [M + H*] calcd for C28H33C1N404S, 

557.19; found 558. 

EXAMPLE 17 

10 Following the procedures described in the examples above, and substituting the 

appropriate starting materials and reagents, compounds 17-1 to 17-14, having the following 

formula, were also prepared: 

Ex. R2 -X R5 R6 

17-1 Cl -CH3-NHC(0)- -CH2SH -CH2CH(CH3)2 
17-2 Cl -CH2-NHC(0>- -CH?SH benzyi 
17-3 CI -CH2-NHC(0)- -CH2SH -CH(CH3)2 
17-4 Cl -CHrNHC(0)-CH2 

~NHC(0> 
-CH3SH benzyl 

17-5 Cl -CH?-NHC(OV -C(O)NCOH)H) -CH3CH(CH3}2 

17-6 Ci -CH2-NHC(0)- -C(Q)N(OH)H) -CH(CH3)2 
17-7 H -C(0)NH- -CH2C(0)N(0H)H) -CH2CH(CH3)2 

17-8 Cl -C(0)NH- -CfO)N(OH)H) benzyl 
17-9 H -C(0)NH- -CH2C(0)N(0H)R) benzyi 

17-10 Ci -C(0)NH- -CH2C(0)N(GH)H) benzy! 
17-11 H -C(0)NH- -CH2C(O)N(0H)H) benzyl 
17-12 H -C(0)NH- -CH2C(0)N(0H)H) 2-bromobenzy! 
17-13 H -C(0)NH- -CH7COOH benzyl 
17-14 H -CH2-NHC(OV -C(O)NCOH)H) -CH2CH(CH3)2 

15 (17-1) 4- (2-buty l-4-chioro-5-[(2-mercaptomethyl-4-methylpentanoylamino)methyl) 

imidazol-1 -ylmethyl}-naphthalene-1 -carboxylic acid. MS m/z: [M + H+) calcd for 

C27H34CIN303S, 516.20; found 517.2. 

(17-2) 4-(2-butyl-4-chioro-5-[(2-mercaptomethyl-3-phenylpropionylamino)methyl] 

imidazol-1 -ylmethyl}-naphthalene-1 -carboxylic acid. MS m/z: [M + H*] calcd for 
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CJOH^CINJOJS, 550.19; found 551.2. 

(17-3) 4-{2-butyl-4-chloro-5-[(2-mercaptomethyl-3-methylbutyrylamino)methyl] 

imidazol-1 -ylmethyl}-naphthalene-1 -carboxylic acid. MS m/z: [M + H+] calcd for 

C26H32CIN3O3S, 502.19; found 502.2. 

5 (17-4) 4-(5-{[2-(2-benzyl-3-mercaptopropionylamino)acetylamino3methyl}-2-butyl-4-

chloroimidazol-l-ylmethyl)naphthalene-l-carboxylic acid. MS m/z: [M + H4"] calcd for 

C32H3SCIN4O4S, 607.21; found 607.2. 

(17-5) 4-{2-butyl-4-chloro-5-[(2-hydroxycarbamoyl-4-methylpentanoylamino)methyl] 

imidazol-1-ylmethyl}naphthalene-l-carboxylie acid. MS m/z: [M + H4"] calcd for 

10 C27H33CIN4O5, 529.21; found 529.2. 

(17-6) 4-{2-butyl-4-chloro-5-[(2-hydroxycarbamoyl-3-methylbutyrylamino)methyJ] 

imidazol-1 -ylmethyl}naphthalene-1-carboxylic acid. MS m/z: [M + calcd for 

C26H31CIN4O5, 515.20; found 515.2. 

(17-7) 4-[2-butyl-5-(l-hydroxy carbamoy lmethyl-3-methy lbutylcarbamoy l)imidazol-l-

15 yimethyljnaphthalene-l-carboxylic acid. MS m/z: [M + H+] calcd for C27H34N4O5, 495.25; 

found 495.4. 

(17-8) 4-[2-butyl-4-chloro-5-(f5)-1 -hydroxycarbamoy 1-2-phenylethylcarbamoyl) 

imidazol-1 -ylmethyl]naphthalene-1 -carboxylic acid. MS m/z: [M + H4"] calcd for 

C29H29CIN4O5, 549.18; found 549.2. 

20 (17-9) 4-[2-butyl-5-(l-hydroxycarbamoylmethyl-2-phenylethylcarbamoyl)imidazol-l-

yImethyl]naphthalene-1 -carboxylic acid. MS m/z: [M + H4"] calcd for C30H32N4O5, 529.24; 

found 529.4. 

(17-10) 4-[2-butyl-4-chloro-5-(l-hydroxycarbamoy Imethy l-2-phenylethy Icarbamoy 1) 

imidazol-1 -ylmethyl]naphthalene-1 -carboxylic acid. MS m/z: [M + H+] calcd for 

25 C30H31CIN4OS, 563.20; found 563.4. 

(17-11) 4-[2-butyl-5-((7?)-l-hydroxycarbamoylmethyl-2-phenylethylcarbamoyl) 

imidazol-l-ylmethyl]naphthalene-l-carboxylic acid. MS m/z: [M + H4] calcd for 

C3OH32N405, 529.24; found 529.5. 

(17-12) 4-{5-[fi?)-2-(2-bromophenyl)-i-hydroxycarbamoy lmethylethylcarbamoyl]-2-

30 butylimidazol-1 -ylmethyl }naphthalene-1 -carboxylic acid. MS m/z: [M + H""] calcd for 

C3oH3iBrN405, 607.15; found 608.2. 

(17-13) 4-(2-butyl-5-((7?)-l-carboxymethyl-2-pheny lethy lcarbamoyl)imidazol-1-

ylmethyl]naphthalene-1 -carboxylic acid. MS m/z: [M H+] calcd for C30H31N3O5, 514.23; 
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found 514.2. 

(17-14) 4-{2-butyl-5-[(2-hydroxycarbamoyl-4-methylpentanoylamino)methyl]imidazol-

1 -ylmethyl}naphthalene-1 -carboxy 1 ic acid. MS m/z: [M + H*] calcd for C27H34N4O5 

495.25; found 495.2. 

5 EXAMPLE IB 

Following the procedures described in the examples above, and substituting the 

appropriate starting materiais and reagents, the following compound was also prepared: 

(4-(2-buty M-chioro-5-[(2-hydroxycarbamoyl-4-methylpentanoylamino)methyl3 

10 imidazol-1 -ylmethyI}phenoxy)phenylacetic acid. MS m/z: [M + H4"] calcd for 

C30H37CIN4O6, 585.24; found 585.4. 

PREPARATION 13 

5-Bromo-2-ethoxv-3H-imidazole-4-carbaldehvde 

o 

15 2,4,5-Tribromo-1 H-imidazoie (13a) (98.7 g, 324 mmol, 1.0 eq) was dissolved into 

1.20 L of methylene chloride and cooled to 0 °C. To this was added DIPEA (62 mL, 360 

mmol, 1.1 eq) followed by the slow addition of [(3-(trimethylsilyl)ethoxy]methyl chloride 

(60.2 mL, 340 mmol, 1.05 eq). The solution was slowly warmed to room temperature. 

After 2 hours the mixture was washed 2x with 600mL of 1M f^PO^saturated aqueous 

20 NaCl (1/10 mL). The organic layer was dried over MgS045 and evaporated to dryness, 

yielding intermediate (13b) as faint yellow liquid that solidified on standing (137 g). 
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Intermediate (13b) (130 g, 290 mmol, 1.0 eq) was dissolved into 650 mL anhydrous 

ethanol. To this was slowly added potassium tert-butoxide (98.6 g, 879 mmol, 3.0 eq) and 

the mixture was heated to reflux for 16 hours. The mixture was then cooled to room 

temperature, filtered and concentrated. The resulting oil was dissolved into 800 mL EtOAc 

5 and washed with 400 mL saturated NaHCOj. The layers were separated and the organic 

was washed with saturated aqueous NaCl, dried over MgS04, filtered and concentrated, 

yielding intermediate (13c) as a brown oil (115.3 g). MS m/r. [M + H+] calcd for 

CiiH2oBr2N202Si, 401.9 found 401.2. 

Intermediate (13c) (69.5 g, 174 mmol, 1.0 eq) was dissolved in 600 mL of 

10 anhydrous THF and cooled to -78 °C under nitrogen. A 2.5 M solution of n-butyllithium 

in hexanes (72.9 mL, 180 mmol, 1.05 eq) was added dropwise and the mixture was stirred 

at -78 °C for 10 minutes. DMF (40 mL, 520 mmol, 3.0 eq) was then added and the mixture 

was stirred at -78 °C for 15 minutes and was then warmed to room temperature. The 

reaction was quenched with 10 mL water, diluted with 600 mL EtOAc and was washed 

15 with lOOmL water, saturated aqueous NaCl, dried over MgS04 and concentrated under 

reduced pressure. The recovered material was purified by silica gel chromatography (15-

30% EtOAc:hexanes) to produce intermediate (13d) as a pale yellow oil (45 g). 

Intermediate (13d) (105.8 g, 303 mmol, 1.0 eq) was cooled at 0 °C in ice. TFA 

(300 mL) was added and the mixture was stirred at 0 °C for 15 minutes, then warmed to 

20 room temperature. After 90 minutes the mixture was concentrated under reduced pressure 

and redissoived in 700 mL EtOAc. The organic was washed 2x 600 mL saturated 

bicarbonate, saturated aqueous NaCl, dried over MgS04, and concentrated under reduced 

pressure to produce a yellow solid. The material was suspended in 300 mL hexane and 

stirred at 0 °C for 30 minutes. The material was filtered and the solid was washed with 150 

25 mL of cold hexane to yield the title compound as a pale white solid (61.2 g). 1 H-NMR 

(CDClj) 5 (ppm): 1.4 (m, 3H), 4.5 (m, 2H), 5.2 (s, IH), 9.2 (d, IH). 
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PREPARATION 14 

4'-Bromomethvi-3'-fluorobiphenvl-2-carboxvlic Acid /-Butyl Ester 

To a solution of 1.0 M DCC in methylene chloride (505 mL, 505 mmol, 1.0 eq) 

5 cooled at 0°C was added 2-bromobenzoic acid (14a) (101.6 g> 505 mmol, 1.0 eq) followed 

by DMAP (5.7 g, 470 mmol, 0.09 eq) and /-butyl alcohol (53.2 mL, 560 mmol, LI eq). 

The mixture was stirred at room temperature for 18 hours and was then filtered. The 

organic was washed with 400 mL saturated NaHCOj, saturated aqueous NaCl, dried over 

MgS04> filtered and concentrated to produce the crude intermediate (14b) as an oil 

10 (141.8 g). 

The crude intermediate (14b) (111.2 g, 433 mmol 1.0 eq) and 3-fluoro-4-

methylphenylboronicacid (73.2 g, 476 mmol, 1.1 eq) were suspended in isopropyl alcohol 

(370 mL). A 2.0 M solution of sodium carbonate in water (370 mL) was added and the 

mixture was degassed under nitrogen. Tetrakis(triphenylphosphine)palladium(0) (5.0 g, 4.3 

15 mmol, 0.01 eq) was then added and the mixture was stirred at 90 °C for 46 hours. The 

mixture was cooled to room temperature, diluted with 800 mL EtOAc, and the layers were 

separated. The organic was washed with saturated aqueous NaCl and concentrated under 

reduced pressure. The recovered oil was purified by silica gel chromatography (4-6% 

EtOAcihexanes) to yield intermediate (14c) as an oil (97.4 g). 

20 Intermediate (14c) (89.8 g, 314 mmol, 1.0 eq) was dissolved in CCU (620 mL) and 

was degassed under nitrogen. NBS (55.8 g, 314 mmol, 1.0 eq) was added, followed by 

benzoyl peroxide (1.5 g, 6.3 mmol, 0.02 eq) and the mixture was heated at 90 °C under 

nitrogen for 16 hours. The reaction was cooled in an ice bath, filtered, and concentrated 

under reduced pressure. The recovered oil was triturated with 150 mL of 3% 

25 EtOAcihexanes. The solution was chilled at -20 °C for 2 hours, then filtered and washed 

with 200 mL cold 3% EtOAcihexanes solution to yield the title compound as an off white 

solid (88.9 g). 1 H-NMR (CDCi3) 5 (ppm): 1.3 (m, 9H), 4.6 (s, 2H), 7.0-7.1 (m, 2H), 7.3 

(dd, IH), 7.4 (m, IH), 7.5 (m, IH), 7.8 (dd, IH). 
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PREPARATION 15 

4'-f5-Aminomethvl-2-ethoxv-4-ethvlimidazol-l-vlmethvl)-3'-

fluorobiphenvl-2-carboxvlic Acid f-Butvl Ester 

5 4'-(4-Bromo-2-ethoxy-5-formy limidazol-l-yimethyl)-3'-fluorobiphenyl-2-

carboxyiic acid t-butyl ester (15a): 5-Bromo-2-ethoxy-3H-imidazole-4-carbaldehyde (15.0 

g, 68.5 mmol), 4'-bromomethyl-3,-fluorobiphenyi-2-carboxyiic acid f-butyl ester (25.0 g, 

68.5 mmol) and potassium carbonate (9.5 g, 68.5 mmol) were dissolved in DMF (958 mL, 

12.4 mol) and was stirred at room temperature for 2 hours. The reaction was quenched 

10 with water, and the mixture extracted with EtOAc, washed with saturated aqueous NaCl, 

dried over MgS04, filtered and concentrated in vacuo. The mixture was purified by silica 

gel chromatography (0-30% EtOAc:hexanes) to yield intermediate (15a) (25g). MS m/z: 

[M+Bf] calcd for C24H24BrFN204, 503.3; found 503.2. 1 H-NMR (CDCi3): 9.57 (IH, s), 

7.80 (IH, d), 7.48 (2H, m), 7.27 (IH, s), 7.11 (IH, t), 7.01 (2H, d), 5.47 (2H, s), 4.33 (2H, 

15 q), 1.41 (3H, t), 1.24 (9H, s). 

4'-(2-Ethoxy-5-formyl-4-vinylimidazoi-l-ylmethyl)-3'-fluorobiphenyl-2-carboxylic 

acid /-butyl ester (15b): Intermediate (15a) (11.0 g, 21.8 mmol) was dissolved in 1,2-

dimethoxyethane (100 mL, 1 mol). Tetrakis(triphenylphosphine)palladium(0) (252 mg, 

218 pmol) was added and the mixture was stirred under nitrogen for 20 minutes. Water 

20 (48 mL, 2.6 mol), 2,4,6-trivinylcyclotriboroxane pyridine complex (2.1 g, 8.7 mmol) and 

potassium carbonate (3.0 g, 21.8 mmol) were then added and the mixture was heated at 90 

°C under nitrogen. After 2 hours, the mixture was cooled to room temperature, diluted 

with EtOAc, washed with water and saturated aqueous NaCl, dried over MgS04, filtered, 

and concentrated in vacuo. The mixture was purified by silica gel chromatography (0-50% 

25 EtOAcihexanes) to yield intermediate (15b) (9.8 g). MS m/z: [M+H+] caicd for 

C26H27FN204, 451.2; found 451.0. 'H-NMR (CDC13): 8.17 (IH, s), 7.79 (IH, d), 7.48 (IH, 

t), 7.40 (IH, t), 7.28 (IH, s), 7.01(2H, m), 6.86 (IH, t), 6.67 (IH, m), 5.95 (IH, d), 5.41 

(2H, s), 5.27 (IH, d), 4.48 (2H, q), 1.38 (3H, t), 1.25 (9H, s). 
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4'-[2-Ethoxy-5-(hydroxyiminomethyl)-4-vinylimidazol-1-ylmethyl j-3'-

fluorobiphenyl-2-carboxylic acid /-butyl ester (15c): Intermediate (15b) (19.5 g, 43.4 

mmol) was dissolved in pyridine (100 mL, 1 mol). Hydroxyiamine hydrochloride (9.0 g, 

130 mmol) was added, followed by water (50 mL, 3 mol), and the mixture was stirred at 

5 room temperature overnight. Water (100 mL) was then added and the mixture was stirred 

for 20 minutes. The precipitant was filtered off and dried to yieid intermediate (15c) (13.5 

g). MS m/z: [M+H^j calcd for C26H2gFN3G4, 466.2; found 466.4. 'H-NMR (CDClj): 9.78 

(IH, s), 7.81 (IH, d), 7.48 (2H, m), 7.26 (IH, s), 7.0 (4H, m), 6.20 (IH, d), 5.53 (IH, d), 

5.50 (2H, s), 4.55 (2H, q), 1.43 (3H, t), 1.25 (9H, s). 

10 Intermediate (15c) (4.0 g, 8.6 mmol) was dissolved in ethanol (250 mL, 4.3 mol) 

and sulfuric acid (0.50 mL, 9.4 mmol), and subjected to sonication. Once fully dissolved, 

the mixture was added to 10% Pd/C, Degussa type, wet 50% (0.05:0.45:0.5, 

palladiumxarbon black:water, 3.0 g, 1.4 mmol) in 20 ml of ethanol. The solution was 

degassed and stirred at room temperature under hydrogen for 5 hours. The palladium was 

15 filtered off and the mixture was concentrated to yield the title compound (3.3 g). MS m/z: 

[M+H*] calcd for C26H32FN303, 454.3; found 454.2. !H-NMR (CDC13): 7.82 (IH, d), 7.50 

(IH, t), 7.42 (IH, t) 7.35 (IH, d), 7.27 (IH, d), 7.12 (IH, s), 7.04 (IH, d), 5.34 (IH, b), 4.65 

(2H, s), 4.40 (2H, q), 4.12 (2H, q), 2.70 (IH, b), 1.50 (3H, t), 1.28 (9H, s), 1.17 (3H, t). 

Alternate Synthesis of Intermediate (15a) 

20 5-Bromo-2-ethoxy-3H-imidazole-4-carbaldehyde (19.8 g, 90.6 mmol), and 4-

bromomethyI-3'-fluorobiphenyl-2-carboxyiic acid /-butyl ester (33.1 g, 90.6 mmol) were 

dissolved in DMF (400 mL). The mixture was cooled in an ice bath and potassium 

carbonate (12.5 g, 90.6 mmol) was added over 5 minutes. The temperature was slowly 

wanned overnight. The reaction was then quenched with water. The mixture was 

25 extracted with 300 mL EtOAc, washed with saturated aqueous NaCl, dried over MgS04, 

filtered, and concentrated. The product was purified by silica gel chromatography (0-30% 

EtOAcihexanes) to obtain intermediate (15a) as a white solid (34.2 g). MS m/z: [M+H*j 

calcM for C24H24BrFN204) 503.3; found 503.2. 'H NMR (CDCI3) 9.57 (IH, s), 7.80 (IH, 

d), 7.48 (2H, m), 7.27 (IH, s), 7.11 (IH, t), 7.01 (2H, d), 5.47 (2H, s), 4.33 (2H, q), 1.41 

30 (3H, t), 1.24 (9H,s). 

Alternate Synthesis of Title Compound 
Intermediate (15c) (4.5 g, 9.7 mmol) was dissolved in acetic acid (100 mL, 2000 

mmol) and stirred for 10 minutes at room temperature. Zinc dust (5.9 g, 90.2 mmol) was 
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then added and the mixture was stirred for 45 minutes. The zinc was filtered off and the 

acetic acid was concentrated. The residue was taken up in EtOAc and washed with sodium 

bicarbonate and saturated aqueous NaCl. The organic layer was dried over MgSCU, 

filtered, and concentrated in vacuo. The residue was added to 10% Pd/C, Degussa type, 

5 wet 50% (0.05:0.45:0.5, palladium:carbon black:water, 400 mg, 0.2 mmol) in ethanol (200 

mL, 3 mol). The mixture was degassed and stirred under hydrogen for 1.5 hours. The 

palladium was filtered off and the solvent was concentrated to obtain the title compound 

(4.6 g). MS m/z: [M-+-FT] calcd for C26H32FN3O3, 454.3; found 454.2. 'H-NMR (CDCI3): 

7.82 (IH, d), 7.50 (IH, t), 7.42 (IH, t) 7.35 (IH, d), 7.27 (IH, d), 7.12 (IH, s), 7.04 (IH, d), 

10 5.34 (IH, b), 4.65 (2H, s), 4.40 (2H, q), 4.12 (2H, q), 2.70 (IH, b), 1.50 (3H, t), 1.28 (9H, 

s), 1.17 (3H,t). 

Alternate Synthesis of Title Compound 

Intermediate (15c) (5.1 g, 11 mmol) was dissolved in acetic acid (100 mL) and 

sulfuric acid (640 \xL, 12 mmol). The mixture was degassed under nitrogen and 10% Pd/C, 

15 Degussa type, wet 50% (0.05:0.45:0.5, palladium:carbon black:water, 1.5 g, 723 pmol) 

was added. The mixture was then degassed under hydrogen at 50 psi on a Parr shaker and 

shaken at room temperature. After 12 hours, the mixture was filtered and concentrated 

under reduced pressure. The recovered material was dissolved into 50 mL EtOAc, washed 

with 50 mL saturated bicarbonate, saturated aqueous NaCl, and evaporated. The material 

20 was purified by silica gel chromatography (0-10% MeOH:DCM) to yield the title 

compound as a clear oil (4.6 g). MS m/z: [M+H*] calc'd for C26H32FN3O3, 454.3; found 

454.2. 'H NMR(CDC13) 7.82 (IH, d), 7.50 (IH, t), 7.42 (IH, t) 7.35 (IH, d), 7.27 (IH, d), 

7.12 (IH, s), 7.04 (IH, d), 5.34 (IH, b), 4.65 (2H, s), 4.40 (2H, q), 4.12 (2H, q), 2.70 (IH, 

b), 1.50 (3H, t), 1.28 (9H, s), 1.17 (3H, t). 
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EXAMPLE 19 

4'-(5-r(^S,)-2-Acetvlsulfanvl-4-methvlDentanovlamino^methvn-2-ethQxv-4-ethvHmidazQl-

l-ylmethvB-3'-fIuorobiphenvI-2-carboxvlic Acid /-Butvl Ester 09a: Ria ~ /-butyl: R5a = 

-C(0)CH-0: 4'-(5-KYS)-2-Acetvlsulfanvl-4-methvloentanovlamino)methvn-2-ethoxv-4-

ethvlimidazo!-1-vimethvi)-3'-fluorobiphenyj-2-carboxvlic Acid H9b: Rla - H; R5a = 

-Cf0)CH0; and 4'-f2-Ethoxv-4-ethvl-5-r(r)f$j-2-mercapto-4-

methvbentanovlamino)methvn-imid3zol-l-ylmethyU-3'-fluorobiphenvl-2-carboxylic Acid 

(S)-2-Acetylsulfanyl-4-methyipentanoic acid (877 mg, 4.6 mmol) was dissolved in 

DMF (20 mL, 300 mmol). HATU (1.8 g, 4.6 mmol) and DIPEA (0.8 mL, 4.6 mmol) were 

added and the mixture was stirred at room temperature for 30 minutes. 4'-(5-

Aminomethyl-2-ethoxy-4-ethyiimidazol-l-yimethyl)-3'-fluorobiphenyl-2-carboxylic acid /-

butyl ester (1.9 g, 4.2 mmol) in DMF (20 mL, 300 mmol) with DIPEA (0.8 mL, 4.6 mmol) 

was added, arid the mixture was stirred at room temperature for 2 hours. The reaction was 

quenched with water, extracted with EtOAc, washed with saturated aqueous NaCl, dried 

over MgS04, filtered and concentrated. The mixture was purified by silica gel 

chromatography (0-50% EtOAcihexanes) to obtain to obtain the acetylsulfanyl ester 

intermediate (19a) (2.4 g). MS m/z: [M+H+] calcd for C34H44FN3O5S, 626.3; found 626.2. 

'H-NMR (CDCI3): 7.80 (IH, d), 7.48 (IH, t), 7.40 (IH, t), 7.25 (IH, d), 7.06 (2H, d), 6.88 

(IH, t), 6.08 (IH, t), 4.96 (2H, s), 4.38 (2H, q), 4.22 (2H, m), 3.86 (IH, t), 2.50 (2H, q), 

2.32 (3H, s), 1.82 (IH, m), 1.64 (IH, m), 1.52 (IH, m), 1.34 (3H, t), 1.26 (9H, s), 1.18 (3H, 

t), 0.87 (6H, dd). 

Intermediate (19a) was dissolved in DCM:TFA (1:1) (5 mL each) and stirred at 

room temperature for 3 hours, then concentrated and carried forward to provide the 

acetylsulfanyl acid intermediate (19b). MS m/z: [M+Ff] calcd for C30H36FN3O5S, 570.2; 

found 570.4. 'H-NMR (DMSO)-. 8.64 (IH, b), 7.72 (IH, d), 7.55 (IH, t), 7.44 (IH, t), 7.33 

(19c: Rla = H: R5'= HI 
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(IH, d), 7.16 (IH, d), 7.07 (1H; d), 6.95 (IH, b), 5.05 (2H, s), 4.35 (2H, d), 4.12 (2H, t), 

40.5 (2H, t), 2.26 (3H, s), 1.64 (IH, m), 1.40 (2H, m), 1.28 (3H, t), 1.10 (3H, t), 0.80 (6H, 

dd). 

Intermediate (19b) was dissolved in MeOH (20 ml), and ION NaOH (2mi) was 

5 added. The mixture was stirred at room temperature for 25 minutes under nitrogen before 

the reaction was quenched with acetic acid and the mixture concentrated. The resulting 

material was purified by preparative HPLC (10-70%) to obtain the final product (19c) as a 

TFA salt (1.6 g; 98% pure). MS m/z: [M+H4] caicd for C28H34FN3O4S, 528.2; found 

528.2. 'H-NMR(DMSO): 8.40 (IH, s), 7.74 (IH, d), 7.57 (IH, t), 7.47 (iH, t), 7.35 (IH, 

10 d), 7.18 (IH, d), 7.09 (IH, d), 7.02 (2H, b), 5.11 (2H, s), 4.40 (2H, d), 4.18 (2H, d), 3.28 

(IH, q), 2.68 (IH, d), 2.48 (IH, d), 1.58 (2H, m), 1.44 (IH, m), 1.26 (3H, t), 1.14 (3H, t), 

0.79 (6H, dd). 

Alternate Synthesis of Title Compound (19c) 

Alternately, intermediate (19a) was obtained by the following procedure: To a cold 

15 solution of 4,-(5-aminomethyl-2-ethoxy-4-ethylimidazol-l-ylmethyl)-3'-fluorobiphenyl-2-

carboxylic acid /-butyl ester (1.2 g, 2.7 mmol) dissolved in DCM (45 mL) cooled with an 

ice-salt bath (-5 °C) was added (S)-2-acetyisulfanyl-4-niethylpentanoic acid (chiral purity 

97.3% S: 531 mg, 2.8 mmol) in 5 mL of DCM and EDC (535 mg, 2.8 mmol). The mixture 

was stirred at -5 °C for 1 hour under nitrogen. The reaction was quenched by adding a 

20 mixture of 1M H3PO4 and saturated aqueous NaCl (1:3; 50 mL), and diluted with DCM 

(200 mL). After shaking in a separatory funnel, the organic layer was collected and 

washed with sat NaHCOs. After drying over MgS04, the organic layer was evaporated to 

dryness, yielding intermediate (19a) as a pale yellow oil. The crude product (2. Ig) was 

used in next step without further purification. ESMS [M+FT] caicd for C34H44FN3O5S, 

25 626.31; found 626.4. Anal. HPLC retention time - 3.62 min; gradient conditions = 25-

95% MeCN/HoO over 5 min. Full deprotection of both the /-butyl ester and 

mercaptoacetyl group by treating with TFA/DCM (2:1), for 1 hour at room temperature 

and 1M NaOH in MeOH, for 5 minutes at room temperature in two separate steps afforded 

the final product (19c) as a TFA salt. Its chiral purity was determined to be 97.1% S single 

30 isomer by anal. HPLC on chiral stationary phase. 

Alternate Synthesis of Title Compound (19c) 

4'-(5-Aminomethyi-2-ethoxy-4-ethylimidazol-l-ylmethyl)-3'-fluorobiphenyl-2-

carboxylic acid /-butyl ester (4.0 g, 8.8 mmol), (^-2-acetylsulfanyl-4-methylpentanoic acid 
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(1.7 g, 8.8 mmol), 4-methylmorpholine (970 \iL, 8.82 mmol), and l-hydroxy-7-

azabenzotriazole (1.2 g, 8.8 mmol) were combined in a flask and dissolved in DMF (100 

mL, 1.300 mol) and was cooled at 0 °C for 10 minutes. Then EDC (1.6 mL, 8.8 mmol) 

was added and the mixture was stirred at 0 °C for I hour and then at room temperature for 

5 1 hour and 15 minutes. The reaction was quenched with water (100 mL) and extracted 

with EtOAc (100 mL) and was concentrated. The mixture was purified by column 

chromatography (0-50% EtOAcihexanes) to obtain 4.2 g of intermediate (19a). 

Intermediate (19a) was dissolved in DCM.TFA (10 mL each) and the mixture was stirred 

at room temperature for 3 hours, and then concentrated. The residue was taken up in 

10 EtOAc, washed with a saturated NaHCOj solution, dried over MgS04, and concentrated to 

yield 3.7 g of intermediate (19b). Intermediate (19b) was dissolved in 30 mL of MeOFI. 

The solution was degassed, stirred under nitrogen, and cooled at 0 °C. 25 mL of 0.5 M 

sodium methoxide in MeOFI (2 eq.) was added and the mixture was stirred at 0 °C under 

nitrogen for 20 minutes. The mixture was then acidified with IN HCl (15 mL). The 

15 mixture was concentrated, dissolved in EtOAc, washed with water, dried over MgS04, 

filtered, and then concentrated. The product was purified by preparative HPLC 10-70% 

MeCNrwater with 0.5% TFA (70 minute method). The product was dissolved in — 4 mL 

of MeCN, 3 mL of water and 0.5 mL of TFA to be injected on the column. 2 g of the final 

product (19c) was isolated as 98% pure, 93.6 % ee. 

20 Synthesis of Title Compound (19c) as a HCl Salt 

The title compound (19c) was also obtained as an HCl salt as follows. Preparation 

of ion exchange column: Forty grams of amberiite IRA-900 resin (Aldrich) was suspended 

in 400 mL of 1M HCL The mixture was shaken for 60 minutes and the bulk of the 

supernatant was decanted to afford wet resins, which were then transferred to a 100 mL 

25 plastic column. A small amount of sand was added to the top layer of the resin. The 

column was washed by elution with water (200 mL) and 50% aq. MeCN (200 mL) until 

the pH of the passed eluant was ~5. The TFA salt of 4'-{2-ethoxy-4-ethyi-5-[((lS/i-2-

mercapto-4-methylpentanoyl-amino)methyl]imidazol-l-ylmethyl }-3'-fluorobipheny 1-2-

carboxylic acid (945 mg) was dissolved in 50% aq. MeCN (5 mL), and loaded onto the 

30 prepared column. The compound was eluted with 50% aq. MeCN under gravity. Fractions 

were collected in 5 mL volume, and analyzed by HPLC, and LCMS. Fractions having the 

desired mass were combined and lyophilized, affording the title compound (19c) as a HCl 

salt (700 mg). Analysis of the ion content of the salt using ion chromatography gave 7.1% 
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Cl (w/w). 

Preparation of the (R) Enantiomer of Title Compound (19c) 
The (R) enantiomer of the title compound (19c) was obtained by the following 

procedure. 

5 4'-{5-[((i?)-2-Acetyisulfanyl-4-methylpentanoylamino)methyl]-2-ethoxy-4-

ethylimidazol~l-ylmethyl }-3'-fluorobiphenyl-2-carboxylic acid /-butyl ester (19a'): 4'-(5-

Aminomethyl-2-ethoxy-4-ethyiimidazol-l-ylmethyl)-3'-fluorobiphenyl-2-carboxylic acid i-

butyl ester (128 mg, 282 jimol), (7?j-2-acetylsulfanyl-4-methylpentanoic acid (53.7 mg, 

282 pmol), 1 -hydroxy-7-azabenzotriazole (38.4 mg, 282 )amol), and 4-methylmorpholine 

10 (31.0 fxL, 282 }imol) were combined and dissolved in DMF (2.5 mL, 32.3 mmol) and 

cooled at 0 °C for 10 minutes. EDC (50.0 fiL, 282 fimol) was added. After 20 minutes, 

the mixture was warmed to room temperature. The reaction was complete after 90 

minutes, as determined by HPLC and LCMS, and water (5 mL) was added. The mixture 

was extracted 2X with EtOAc, washed with IN HCl (10 mL), water, and saturated aqueous 

15 NaCl, dried over MgS04, filtered, and concentrated to yield a yellow oil (164 mg). This 

material was purified by silica gel chromatography (12 g5 0-100% EtOAcihexanes) to yield 

a first lot of the acetylsulfanyl ester intermediate (19a5) as a colorless oil (46 mg). 

4'-(5-Ammomethyl-2-ethoxy-4-ethy!imidazoi-l-ylrnethyl)-3,-fluorobiphenyl-2-

carboxylic acid /-butyl ester (120.0 mg, 265 ^mol) and (7?)-2-acetylsulfanyl-4-

20 methylpentanoic acid (50.3 mg, 264 jimol) were dissolved in methylene chloride (2.0 mL, 

31.2 mmol) and cooled at 0 °C for 10 minutes. EDC (46.8 \xL, 264 jimol) was added. The 

mixture was warmed to room temperature over 2 hours. The mixture was then cooled at 0 

°C and DIPEA (46.1 |iL, 264 jimol) was added. This mixture was stirred at 0 °C for 5 

minutes then warmed to room temperature. After 30 minutes, water (5 mL) was added. 

25 The mixture was extracted 2X with DCM, washed with saturated aqueous NaCl, dried over 

MgS04, filtered, and concentrated to yield a yellow oil (164 mg). This material was 

purified by silica gel chromatography (12 g, 0-100% EtOAcihexanes) to provide a second 

lot of the acetylsulfanyl ester intermediate (19a') as a colorless oil (68 mg). 

4'-{5-[((/^-2-acetyisulfanyl-4-methylpentanoylammo)methyl]-2-ethoxy-4-

30 ethylimidazol-1-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid (19b')i The combined lots 

of Intermediate (19a') (114 mg, 182 fimol) were dissolved in methylene chloride (2.0 mL, 

31 mmol). TFA (2.0 mL, 26 mmol) was added. After 60 minutes, the mixture was 

concentrated. Sat. bicarbonate (5 mL) was added and the mixture was extracted 3X with 
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EtOAc, washed with saturated aqueous NaCl, dried over MgS04, filtered, and 

concentrated to provide 90 mg of the crude the acetylsulfanyl acid intermediate (19b'). 

Intermediate (19b') was taken up in MeOH (2.0 mL) and cooled at 0 °C under 

nitrogen. 0.50 M of Sodium methoxide in MeOH (729 jiL, 364 jimol) was added. After 

5 30 minutes, the mixture was acidified with 6N HCl (90 jaL) and concentrated. The product 

was purified by preparative HPLC to yield 4'-{2-ethoxy-4-ethyl-5-[((i?j-2-mercapto-4-

methylpentanoylamino)methyl]-imidazol~l-ylmethyl }-3'-fluorobiphenyI-2-carboxylic acid 

as a white solid TFA salt (59.4 mg; 96.0% purity). The product was analyzed for chiral 

purity and found to be 99% ee. MS m/z: [M+H+] calcd for C28H34FN3O4S, 528.23; found 

10 528.2. 

PREPARATION 16 

4'-f5-Arninomethvl~2-ethoxy-4-ethvlirnidazol-l-vlmethvD-

3'>fluorobiphenvl-2-carboxvlic Acid /-Butyl Ester 

15 4'-(4-Bromo-2-ethoxy-5-formylimidazol-l-ylmethyl)-3'-fluorobipheny[-2-

carboxylic acid /-butyl ester (16a): 5-Bromo-2-ethoxy-3H-imidazole-4-carbaldehyde (6.0 

g, 27.4 mmol), 4'-bromomethyl-3'-fluorobiphenyl-2-carboxylic acid /-butyl ester (10.0 g, 

27.4 mmol), and potassium carbonate (3.8 g, 274 mmol) were dissolved in DMF (383 mL, 

4950 mmol) and the mixture was stirred at room temperature for 2 hours. The reaction was 

20 quenched with water, and the mixture was extracted with EtOAc, washed with saturated 

aqueous NaCl, dried over MgSOA, filtered, and concentrated. The resulting material was 

purified by silica gel chromatography (0-30% EtOAc:hexanes) to yield intermediate (16a) 

(9.5 g). MS m/z: [M+H+] calcd for C24H24BrFN204, 503.3; found 503.2. 'H-NMR 

(CDCI3): 9.57 (IH, s), 7.80 (IH, d), 7.48 (2H, m), 7.27 (IH, s), 7.11 (IH, t), 7.01 (2H, d), 

25 5.47 (2H, s), 4.33 (2H, q), 1.41 (3H, t), 1.24 (9H, s). 

4'-(2-Ethoxy-5-formyl-4-vinylimidazol-l-yimethyl)-3,-fluorobiphenyl-2-carboxylic 

acid /-buty! ester (16b): Intermediate (16a) (9.5 g, 18.9 mmol), tetrakis(triphenylphosphine) 

palladium(O) (1.0 g, 0.9 mmol), (2-ethenyl)tri-n-butyltin (11.0 mL, 37.8 mmol) were 
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dissolved in DMF (70 mL, 900 mmol), and heated at 90 °C for 1.5 hours. The mixture was 

cooled to room temperature and 300 mL of EtOAc was added. The organic layer was 

washed using a 20% potassium fluoride solution (2 x 100 mL) and saturated aqueous NaCl. 

The resulting material was purified by silica gel chromatography (0-60% EtOAcihexanes) 

5 to yield intermediate (16b) (7.7 g). MS m/z: [M+H+] calcd for C26H27FN2O4, 451.2; found 

451.0. 'H-NMR (CDCI3): 8.17 (1H, s), 7.79 (IH, d), 7.48 (IH, t), 7.40 (IH, t), 7.28 (IH, 

s), 7.01(2H, m), 6.86 (IH, t), 6.67 (IH, m), 5.95 (IH, d), 5.41 (2H, s), 5.27 (IH, d), 4.48 

(2H, q), 1.38 (3H,t), 1.25 (9H,s). 

4'-[2-Ethoxy-5-(hydroxyiminomethyI)-4-vinylimidazo!-l-ylmethyl]-

10 3'-fiuorobiphenyl-2-carboxylic acid /-butyl ester (16c): Intermediate (16b) (7.7 g, 17.2 

mmol) was dissolved in pyridine (40 mL, 500 mmol). Hydroxyiamine hydrochloride (3.6 

g, 51.5 mmol) was added, followed by the addition of water (20 mL, 1 mol). The mixture 

was stirred at room temperature overnight. Water (50 ml) was added and the mixture was 

stirred for 20 minutes. The precipitant was filtered off and dried to yield intermediate 

15 (16c) (7.8 g). MS m/z: [M+H^] calcd for C26H28FN3O4, 466.2; found 466.4. 'H-NMR 

(CDCI3): 9.78 (IH, s), 7.81 (IH, d), 7.48 (2H, m), 7.26 (IH, s), 7.0 (4H, m), 6.20 (IH, d), 

5.53 (IH, d), 5.50 (2H, s), 4.55 (2H, q), 1.43 (3H, t), 1.25 (9H, s). 

4'-[2-Ethoxy-4-ethyl-5-(hydroxyiminomethyI)imidazoi-l-ylmethyl]-3!-

fluorobiphenyl-2-carboxylic acid /-butyl ester (16d): Intermediate (16c) (7.8 g, 16.6 mmol) 

20 was dissolved in ethanol (420 mL, 7.2 mol). Pearlman's Catalyst, wet (0.1:04:0.5, 

palladium hydroxide:carbon black:water, 6 g, 4 mmol) was added. The mixture was 

degassed and stirred under hydrogen for 2 hours. The palladium was filtered off and the 

solvent was concentrated to yield intermediate (16d) (7.7 g). MS m/z: [M+H+] calcd for 

C26H30FN3O4, 468.2; found 468.4. 

25 Intermediate (16d) (7.9 g, 16.8 mmol), NaBH3CN (4.8 g, 75.7 mmol) and 

ammonium acetate (2.9 g, 37.0 mmol) were dissolved in MeOH. The mixture was cooled 

to 0 °C and stirred for 15 minutes before titamum(III) chloride (7.8 g, 50.4 mmol) was 

added. The mixture was stirred at 0 °C for 10 minutes then warmed to room temperature 

and stirred for 4 hours. Ammonium hydroxide (75 mL) was added to quench the reaction 

30 and the mixture was stirred at room temperature overnight. 75 ml of saturated sodium 

bicarbonate was then added. The resulting mixture was extracted 4 times with DCM, dried 

over MgS04, filtered, and concentrated. The resulting material was purified by silica gel 

chromatography (0-10% MeOH in DCM) to obtain the title compound (4.7 g). MS m/z: 
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[M+H*] calcd for C26H32FN3O3, 454.3; found 454.4. 1H-NMR (CDCl3): 7.82 (IH, d), 7.50 

(IH, t), 7.42 (IH, t) 7.35 (IH, d), 7.27 (IH, d), 7.12 (IH, s), 7.04 (IH, d), 5.34 (IH, b), 4.65 

(2H, s), 4.40 (2H, q), 4.12 (2H, q), 2.70 (IH, b), 1.50 (3H, t), 1.28 (9H, s), 1.17 (3H, t). 

EXAMPLE 20 

5 4'-f5-nV,S')-2-Acetvlsulfanylmethvl-4-methvipentanovlamino)methyl1-2-ethoxv-4-

ethvlimidazol-l-vlmethvll-3l-fluorobiphenvl-2-carboxvlic Acid /-Butyl Ester (20a: Rta = 

/-butvl: R5a = -C(O)CUx): 4V{5~f(YS)-2-Acetvlsulfanvimethvl-4-

methvlpentanovlamino')methvn-2-ethoxv-4--ethylimidazol-l-vlmethyil-3'-fluorobiphenyl-

2-carboxvIic Acid (20b: Rla = H: R5a = -C(0)CH0: 4'-(2-Ethoxv-4-ethvi-5-rf/S,)-2-

10 mercaptomethyl-4-methy[pentanoylarnino)methvllimidazol-l-ylmethy l)"3'-fluorobipheiiyi-

2-carboxylic Acid (20c: Ria^H: R5a=H) 

(1S/)-2-Acetylsuifanylmethyl-4-methylpentanoic acid (2 g, 9.7 mmol) was dissolved 

in DMF (100 mL, 1000 mmol). HATU (3.7 g, 9.7 mmol) and DIPEA (1.5 mL, 8.8 mmol) 

15 were added and the mixture was stirred at room temperature for 20 minutes. 4'-(5-

Aminomethyl-2-ethoxy-4-ethylimidazol-l-ylmethyI)-3'-fIuorobiphenyl-2-carboxylic acid t-

butyl ester (4.0 g, 8.8 mmol) in DMF (20 mL, 200 mmol) with DIPEA (1.5 mL, 8.8 mmol) 

was added and the mixture was stirred at room temperature overnight. The reaction was 

quenched with water, and the mixture was extracted with EtOAc, washed with saturated 

20 aqueous NaCl, dried over MgSO,*, filtered, and concentrated to yield the acetylsulfanyl 

ester intermediate (20a). This intermediate was taken up in DCM:TFA (4 mL each), stirred 

at room temperature for 4 hours, and then concentrated to yield the acetylsulfanyl acid 

intermediate (20b). This intermediate was dissolved in 1:1 MeOH: IN NaOH (4 mL each) 

and stirred at room temperature under nitrogen for 1 hour before the reaction was quenched 

25 with acetic acid and the mixture concentrated. The residue was purified by preparative 

HPLC (10-70% MeCN in water w/ 0.05% TFA) to obtain the final product (20c) (2.8 g; 

98% pure). MS m/z: [M+H+] calcd for C29H36FN3O4S, 542.2; found 542.4. 1 H-NMR 
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(DMSO): 839 (IH, s)3 7.75 (1H, d), 7.58 (IH, t), 7.45 (IH, t), 7.34 (IH, d), 7.19 (IH, d), 

7.10 (2H, m), 5.16 (2H, s), 4.43 (2H, m), 4.18 (2H, m), 2.58 (2H, m),2.41 (IH, m), 2.32 

(2H, m), 2.10 (IH, t), 1.24 (8H, m), 0.78 (6H, dd). 

PREPARATION 17 

5 4'-(5-Aminomethvl-2-ethoxv-4-ethvlimidazol-l-vlmethvl)-

biphenvl-2-carboxvlic Acid f-Butvl Ester 

4'-(4-Bromo-2-ethoxy-5-formy limidazol-1 -ylmethyl)biphenyi-2-carboxyiic acid t-

butyl ester (17a): 5-Bromo-2-ethoxy-3H-imidazole-4-carbaidehyde (3.0 g, 13.7 mmol), 4'-

10 bromomethylbiphenyi-2-carboxylic acid f-butyl ester (4.8 g, 13.7 mmol), and potassium 

carbonate (1.9 g, 13.7 mmol), were dissolved in DMF (60 mL, 780 mmol), and the mixture 

was stirred at room temperature overnight. The reaction was quenched with water, and the 

mixture was extracted with EtOAc, washed with saturated aqueous NaCl, dried over 

MgS04, filtered, and concentrated. The resulting material was purified by silica gel 

15 chromatography (0-30% EtOAc:hexanes) to yield intermediate (17a) (5.6 g). MS m/z: 

[M-t-lT] caicd for CiAsBrNiO^ 485.1; found 485.3. 1 H-NMR (CDC13): 9.58 (IH, s), 

7.80 (IH, d), 7.50 (iH, t), 7.40 (1H, t), 7.30 (5H, m), 5.42 (2H, s), 4.57 (2H, q), 1.46 (3H, 

t), 1.18 (9H, s). 

4'-(2-Ethoxy-5-formyl-4-vinylimidazol-1 -ylmethyl)biphenyl-2-carboxylie acid t-

20 butyl ester (17b): Intermediate (17a) (5.6 g, 11.5 mmol), tetrakis(triphenylphosphine) 

paliadium(O) (2.1 g, 1.8 mmol), and (2-ethenyl)tri~n-butyltin (13.5 mL, 46.2 mmol) were 

dissolved in DMF (70 mL, 900 mmol), and heated at 90 °C for 1.5 hours. The mixture was 

cooled to room temperature and 300 mL of EtOAc was added. The organic layer was 

washed using a 20% potassium fluoride solution (2 x 100 mL) and saturated aqueous NaCl. 

25 The resulting material was purified by silica gel chromatography (0-60% EtOAc:hexanes) 

to yield intermediate (17b) (4.3 g). MS m/z: [M+H+] calcd for C26H28N2O4, 433.2; found 

433.4. 

4,-[2-Ethoxy-5-(hydroxyiminomethyl)-4-vinylimidazol-!-ylmethyl]bipheny{-2-
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carboxylic acid /-butyl ester (17c): Intermediate (17b) (4.3 g, 10 mmol) was dissolved in 

pyridine (40 mL, 500 mmol). Hydroxyiamine hydrochloride (1.7 g, 25 mmol) was added, 

followed by the addition of water (20 mL, 1000 mmol). The mixture was stirred at room 

temperature overnight. Water (30 mL) was added and the mixture was stirred for 20 

5 minutes. The precipitant was filtered off and dried to yield intermediate (17c) (3.5 g). MS 

m/z: [M+H+l caicd for C26H29N3O4, 448.2; found 448.3. 

4'-[2-Ethoxy-4-ethyl-5-(hydroxyiminomethyl)imidazol-l-ylmethyl]biphenyi-2-

carboxylic acid /-butyl ester (17d): Intermediate (17c) (3.5 g, 7.7 mmol) was dissolved in 

ethanol (100 mL, 2 mol). Pearlman's Catalyst, wet (0.1:0.4:0.5, palladium 

10 hydroxidexarbon blaclcwater, 660 mg) was added. The mixture was degassed and stirred 

at room temperature under hydrogen for 3 hours. The palladium was filtered off and the 

solute was concentrated to yield intermediate (17d) (3.3 g). MS m/z: [M+H+] calcd for 

C26H3IN304, 450-2; found 450.3. 

Intermediate (17d) (3.5 g, 7.7 mmol), NaBH3CN (1.9 g, 30.5 mmol) and 

15 ammonium acetate (1150 mg, 14.9 mmol) were dissolved in MeOH (30 mL, 700 mmol). 

The mixture was cooled at 0 °C and stirred for 15 minutes before titanium(III) chloride 

(3.1 g, 20.3 mmol) was added. The mixture was stirred at 0 °C for 10 minutes then 

warmed to room temperature and stirred for 3 hours. Ammonium hydroxide (75 mi) was 

added and the mixture was stirred at room temperature overnight. 75 ml of saturated 

20 sodium bicarbonate was then added. The resulting mixture was extracted with DCM, and 

the organic layer was dried over MgS04, filtered, and concentrated to obtain the title 

compound (2.5 g). MS m/z: [M+H+] calcd for C26H33N3Q3, 436.3; found 436.6. 

EXAMPLE 21 

4'-{5-r(^S>2-Acetvlsulfanvlmethvl-4-methvlpentanoylamino')methvn-2-ethoxv-4-

25 ethvlimidazol-l-vlmethvnbiphenvl-2-carboxvlic Acid /-Butvl Ester (21a: Rla - /-butyl: R3a 

= -CfQ)CHO: 4'-(5-r(^5J-2-Acetvlsulfanylmethvl-4-methvipentanovlamino)methyn-2-

ethoxv-4-ethvlimidazol~l-vimethvl)biphenvl-2-carboxvlic Acid (21b: Ria = H: R3a = 

-C(Q)CHO: 4<-f2-Ethoxy-4-ethyl-5-[Y(S')-2-mercaptomethvl-4-methvipentanovlamino) 

methvllimidazo]-l-vlmethvl)biphenyl-2-carboxvlic Acid (21c: Ria~H: R^-H) 
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H ) / S-R Sa 

0-Ru 

(S)-2~Acetyisulfanylmethyl-4-methylpentanoic acid (1.0 g, 5.1 mmol) was 

dissolved in DMF (50 mL, 600 mmol). HATU (1.8 g, 4.8 mmol) and DIPEA (800 pL, 4.6 

mmol) were added and the mixture was stirred at room temperature for 20 minutes. 4'-(5~ 

5 Aminomethyl-2-ethoxy-4-ethylimidazol-l-ylmethyl)biphenyl-2-carboxylic acid /-butyl 

ester (2-0 g, 4.6 mmol) in DMF (25 mL, 300 mmoi) with DIPEA (800 ^iL, 4.6 mmol) was 

added and the mixture was stirred at room temperature overnight. The reaction was 

quenched with water, and the mixture was extracted with EtOAc, washed with saturated 

aqueous NaCl, dried over MgS04, filtered, and concentrated to yield the acetylsulfanyl 

10 ester intermediate (21a). This intermediate was taken up in DCMiTFA (4 mL each), stirred 

at room temperature for 4 hours, then concentrated to yield the acetylsulfanyl acid 

intermediate (21b). This intermediate was dissolved in 1:1 MeOH: IN NaOH (5 mL each) 

and stirred at room temperature under nitrogen for 1 hour before the reaction was quenched 

with acetic acid and the mixture concentrated. The residue was purified by preparative 

15 HPLC (10-70% MeCN in water w/ 0.05% TFA) to obtain the final product (20c) (822 mg). 

MS m/z: [M+H+] calcd for C29H37N3O4S, 524.6; found 524.4. lH-NMR (DMSO): 8.33 

(IH, s), 7.65 (IH, d), 7.49 (IH, t), 7.38 (IH, t), 7.24 (3H, m), 7.16 (2H, d), 5.05 (2H, s), 

4.41 (2H, d), 4.10 (2H, m), 2.41 (3H, m), 2.29 (IH, m), 2.06 (IH, t), 1.20 (8H, m), 0.74 

(6H, dd). 
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PREPARATION 18 
4'-f5-Aminomethvl-2-propoxv-4-ethvlimidazol-l-vlmethyB 

-3'-fiuorobiphenvi-2-carboxvlic acid /-Butyl Ester 

/ V-O F"\J V-0 

i8b O 18c o 
5 4'-(4-Bromo-2-propoxy-5-formy limidazol-1-yimethyl)-3'-fluorobiphenyl-2-

carboxyiic acid f-butyl ester (l.Sa): Bromo-2-propoxy-3H-imidazole-4-carbaldehyde (4.5 g, 

19.3 mmol), 4'-bromomethyl-3'-fluorobiphenyl-2-carboxylic acid /-butyl ester (7.1 g, 19.5 

mmol) and potassium carbonate (8.0 g, 57.9 mmol) were dissolved in DMF (100 mL). The 

solution was stirred at room temperature overnight. The reaction was quenched with 

10 water, extracted with 200 mL EtOAc, washed with 4 x 100 mL saturated aqueous NaCl, 

dried over MgS04, filtered and concentrated in vacuo to yield intermediate (18a) as a 

colorless oil (10 g), which was used without further purification. Anal. HPLC retention 

time = 5.0 minutes. Gradient conditions: 25% solvent B/75% solvent A to 95% solvent 

B/5% solvent A over 6 minutes. MS m/z: [M+H+] calcd for C2sH26BrFN2043 517.11; 

15 found 555.2. [M+K+] 'H-NMR (CDCl3) 9.55 (IH, s), 7.77 (IH, d), 7.46 (2H, m), 7.41 (2H, 

m), 7.12 (IH, t), 6.99 (2H, d), 5.45 (2H, s), 1.78 (2H, m), 1.28 (2H, m), 1.24 (9H, s), 0.98 

(3H, s). 

4'-(2-Propoxy-5-formyl-4-vmylimidazol-1-ylmethyl)-3'-fluorobiphenyl-2-

carboxylic acid /-butyl ester (18b): Intermediate (18a) (10.0 g, 19.3 mmol) was dissolved in 

20 DMF (100 mL). Tetrakis(triphenylphosphine)palladiurn(0) (400 mg, 0.4 mmol) was 

added, followed by (2-ethenyl)tri-n-butyltin (8.5 mL, 29.0 mmol). The reaction vessel was 

fitted with a reflux condenser and was heated to 110 °C with stirring for 1 hour, under 

nitrogen. The mixture was cooied and 200 mL EtOAc was added. The organic layer was 

washed with a 20% solution of potassium fluoride (2 x 50 mL) followed by saturated 

25 aqueous NaCl (100 mL), then dried over MgS04, filtered and concentrated in vacuo. The 

resulting material was purified by silica gel chromatography (0-80% EtOAc:hexanes) to 

yield intermediate (18b) as a colorless oil (7.2 g). Anal. HPLC retention time = 4.9 

minutes. Gradient conditions: 25% solvent B/75% solvent A to 95% solvent B/5% solvent 

A over 6 minutes. MS m/z: [M+f-T] calcd for C2?H29FN2043 465.22; found 465.6. 



4'-[2-Propoxy-5-(hydroxyiminomethyl)-4-vinylimidazol-l-ylmethy l]-3'-

fluorobiphenyl-2-carboxylic acid /-butyl ester (18c): Intermediate (18b) (7.2 g, 15.5 mmol) 

was dissolved in pyridine (30 mL). Hydroxyiamine hydrochloride (4.0 g, 57.9 mmol) was 

added followed by water (20 mL) and the mixture was stirred at 40 °C for 2 hours. The 

5 reaction was quenched with water, extracted with 200 mL EtOAc, washed with 3 x lOOmL 

IM phosphoric acid, 1 x lOOmL saturated sodium bicarbonate solution, and 2 x 100 mL 

saturated aqueous NaCl, then dried over MgS04, filtered and concentrated in vacuo. The 

crude product was purified by silica gel chromatography (0-80% EtOAcihexanes) to yield 

intermediate (18c) as a white solid (7.4 g). Anal. HPLC retention time = 4.9 minutes. 

10 Gradient conditions: 25% solvent B/75% solvent A to 95% solvent B/5% solvent A over 6 

minutes. MS m/z: [M+H+] calcd for C27H30FN3O4, 480.23; found 480.4. 'H-NMR 

(DMSO-cfe) 10.99 (IH, s), 8.21 (IH, s), 7.67 (IH, d), 7.54 (IH, m), 7.44 (IH, s), 7.34 (IH, 

m), 7.11 (2H, m), 6.81 (2H, m), 5.73 (IH, d), 5.36 (2H, s), 5.10 (IH, d), 1.66 (2H, m), 

1.13 (9H, s), 0.85 (4H, m). 

15 Intermediate (I8c) (7.4 g, 15.0 mmol) was dissolved in EtOAc (200 mL), followed 

by the addition of sulfuric acid (1.50 mL). 10% Pd/C, Degussa type, wet 50% 

(0.05:0.45:0.5, palladiumxarbon black:water, 16.0 g) was then added and the mixture was 

degassed with nitrogen and then stirred at room temperature under hydrogen for 2 hours. 

The mixture was then degassed with nitrogen, the palladium was filtered off under nitrogen 

20 and the resulting material was concentrated to obtain the title compound as a pale yellow 

oil (6.5 g). Anai. HPLC retention time = 3.2 minutes. Gradient conditions: 10% solvent 

B/90% solvent A to 90% solvent B/10% solvent A over 6 minutes. MS m/z: [M+H+] calcd 

for C27H34FN3O3, 468.27; found 468.4. 1 H-NMR (DMSO-<4) 7.67 (IH, d), 7.54 (IH, t), 

7.33 (IH, t) 7.10 (IH, d), 7.03 (2H, d), 6.87 (IH, s), 5.08 (IH, s), 4.12 (2H, m), 4.00 (2H, 

25 s), 3.99 (2H, s), 3.48 (2H, s), 2.32 (2H, m), 1.62 (3H, m), 1.14 (9H, s), 0.85(3H, t). 

EXAMPLE 22 
4'-f5"f(Y£)-2-AcetvIsulfanvlmethyl-4-methylpentanoylammo)methvn-4-ethyl-2-

propoxvimidazQl-l-vlmethvll-3'-fluorobiohenvl-2-carboxvlic Acid /-Butyl Ester ("22a; Rla 

= /-butyl: R5a = -CfO)CHO: 4^f 5~f(Y&~2-Acetvlsuifanvimethvl-4-

30 methvlE>entanovlamino)methvfl-4-ethvi-2-pfopoxvimidazol-i-vlmethvH-3'-fiuorobiphenvl-

2-carboxviic Acid (72b: Rla - H; R5a - -CfQ)CHO; 4'-H-Ethvl-5-FC^S)-2-mercaptomethyl-

4-methvlDentanovlamino)methvll-2-propoxvimidazol-l-vlmethvn-3'-fluorobiphenvl-2-
carboxvlic Acid * C?HF.O. (22c: Rla=H: RSa=H) 
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HATU (3.1 g, 8.2 mmol) was added to a solution of ($-2-acetylsulfanylmethyl-4-

methylpentanoic acid (1.7 g, 8.2 mmol) in DMF (60 mL), and stirred for 5 minutes at room 

5 temperature. 4'~(5-AmiEiomethyl-2-propoxy-4-ethylimvdazol-1-ylmethy 

fluorobiphenyl-2-carboxylic acid /-butyl ester (3.5 g, 7.5 mmol) was added as a DMF 

solution (5 mL), followed by the addition of DIPEA (2.6 mL, 15.0 mmol). The mixture 

was stirred for 15 minutes, then 200 mL EtOAc was added. The organic layer was washed 

with 4 x 100 mL saturated aqueous NaCl, dried over MgSG4 for 10 minutes, filtered and 

10 evacuated to dryness in vacuo. The material was then concentrated and the resulting crude 

solid was purified by silica gel chromatography (EtOAc/hexanes, 10-70% EtOAc) to yield 

the acetylsulfanyl ester intermediate (22a). Anal. HPLC retention time = 4.4 minutes. 

. Gradient conditions: 10% solvent B/90% solvent A to 90% solvent B/10% solvent A over 

6 minutes. MS m/z: [M+H*] calcd for C36H48FN3O5S, 654.34; found 654.5. 

15 4N HCl in dioxane (lOmL) was added to intermediate (22a), and the mixture was 

stirred overnight at room temperature. Volatiles were removed in vacuo to yield the 

acetylsulfanyl acid intermediate (22b) as an orange oil, which was used without further 

purification. Anal. HPLC retention time = 3.9 minutes. Gradient conditions: 10% solvent 

B/90% solvent A to 90% solvent B/10% solvent A over 6 minutes. MS m/z: [M+H4"] calcd 

20 for C32H4OFN305S, 598.28; found 598.5. 

10 N NaOH (2.0 mL) was added to a methanolic (50 mL) solution of intermediate 

(22b). The solution was stirred at room temperature for 30 minutes under nitrogen after 

which acetic acid (2.0 mL) was added. The solution was concentrated and purified by 

preparative HPLC (reverse phase): gradient of 20-65% (over 60 minutes); flow rate 

25 15mL/min; detection at 280 nm. Pure fractions were combined and lyophilized in 50/50 

water/MeCN to give the final product (22c) as a white solid TFA salt (1.4 g). Anal. HPLC 

retention time = 3.9 minutes. Gradient conditions: 10% solvent B/90% solvent A to 



solvent B/10% solvent A over 6 minutes. MS m/z: [M+H*] calcd for C30H38FN3O4S, 

556.26; found 556.2. 1 H-NMR (d,-MeOH) 8.57 (IH, t), 7.86 (IH, d), 7.55 (IH, t), 7.46 

(IH, t) 7.32 (IH, d), 7.22 (2H, t), 7.12 (2H, m), 5.32 (IH, s), 4.42 (2H, m), 4.3-4.4 (IH, m), 

2.73 (2H, m), 2.55 (2H, m), 2.42 (IH, m), 1.80 (2H, m), 1.48 (2H, m), 1.26 (2H, m), 0.94 

(3H> t), 0.86 (3H, m). 

4'-{5-f(^5)-2-Acetvlsulfanvl-4-methvlpentanovlamino)methvll-4-ethvl-2-propoxvimidazol-

1 -vlmethvl}-3'-fluorobiphenvl-2-carboxvlic Acid /-Butyl Ester (23a: Ru = /-butyl: R5a-

~C(0)CH-0; 4,-(5-[(^5'J-2-Acetylsulfanyl-4-methvlpentanovlamino)methyl1-4-ethyl-2-

propoxyimidazoi- l-vlmethvn-3'-fluorobiphenvl-2-carboxvlic Acid (23b: Rla = H: R5a -

-C(Q)CH0: 4'-f4-Ethvl-5-r((S')-2-mercapto-4-methvlpentanoylamino)methvl"l-2-

propoxvimidazol-l-ylmethyl l-3'-fluorobiphenvl-2-carboxvlic Acid « C^HF-^O? (23c; 

HATU (4.3 g, 11.3 mmol) was added to a solution of (5?-2-acetylsulfanyl-4-

methylpentanoic acid (2.2 g, 11.3 mmol) in DMF (80 mL), and stirred for 5 minutes at 

room temperature. 4'-(5-Aminomethyl-2-propoxy-4-ethylimidazol-l-ylmethyl)-3'-

fluorobiphenyl-2-carboxyiic acid /-butyl ester (4.8 g, 10.3 mmol) was added as a DMF 

solution (5 mL) followed by DIPEA (3.6 mL, 20.5 mmol). The mixture was stirred for 15 

minutes, then 200 mL EtOAc was added. The organic layer was washed with 4 x 100 mL 

saturated aqueous NaCl, dried over MgS04 for 10 minutes, filtered and evacuated to 

dryness. The mixture was concentrated and the resulting crude solid was purified by flash 

chromatography (EtOAc/hexanes, 10-70% EtOAc) to yield the acetylsulfanyl ester 

intermediate (23a). Anal. HPLC retention time = 3.4 minutes. Gradient conditions: 25% 

solvent B/75% solvent A to 95% solvent B/5% solvent A over 6 minutes. MS m/z: 

[M+H*] calcd for C35PI46FN3O5S, 640.32; found 640.0. 

4N HCl in dioxane (lOmL) was added to intermediate (23a), and the mixture was 
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EXAMPLE 23 

Rla=H: R5a=m 



stirred overnight at room temperature. Volatiles were removed in vacuo to yield the 

acetylsulfanyl acid intermediate (23 b) as an orange oil, which was used without further 

purification. Anal. HPLC retention time - 2.9 minutes. Gradient conditions: 25% solvent 

B/75% solvent A to 95% solvent B/5% solvent A over 6 minutes. MS m/z: [M+H+] caicd 

5 for C3lH38FM305S, 584.26; found 584.0. 

10 N NaOH (2.0 mL) was added to a methanolic (50 mL) solution of intermediate 

(23b). The solution was stirred at room temperature for 30 minutes under nitrogen after 

which acetic acid (2.0 mL) was added. The solution was concentrated and purified by 

preparative HPLC (reverse phase): gradient of 20-65% (over 60 minutes); flow rate 

10 15mL/min; detection at 280 nm. Pure fractions were combined and lyophilized in 50/50 

water/MeCN to give the final product (23c) as a white solid TFA salt (1.0 g). Anal. HPLC 

retention time - 3.9 minutes. Gradient conditions: 10% solvent B/90% solvent A to 90% 

solvent B/10% solvent A over 6 minutes. MS m/z: [M+H1"] calcd for C29H36FN3O4S, 

542.25; found 542.6. 1 H-NMR (d4-MeOH) 8.53 (1H, t), 7.86 (IH, d), 7.56 (IH, t), 7.46 

15 (IH, t) 7.32 (IH, d), 7.20 (2H, t), 7.12 (2H, m), 5.29 (IH, s), 4.42 (2H, m), 4.3-4.4 (IH, m), 

2.73 (2H, m), 2.55 (2H, m), 1.80 (2H, m), 1.48 (2H, m), 1.26 (2H, m), 0.94 (3H, t), 0.86 
(3H, m). 

EXAMPLE 24 

Following the procedures described in the examples above, and substituting the 

20 appropriate starting materials and reagents, compounds 24-1 to 24-3, having the following 

formula, were also prepared: 

Ex. RJ R5 

24-1 -0-(CH2)2CH3 -SH 
24-2 -O-CH2CH3 ~CH2SH 
24-3 -0-(CH2)2CH3 -CH2SH 

25 

(24-1) 2,3-difluoro-4-{5-[((S/)-2-mercapto-4-methylpentanoylamino)methyI]-2-

propoxyimidazol-l-ylmethyl} benzoic acid. MS m/z: [M+H1"] calcd for C21H27F2N3O4S, 
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456.17; found 456.2. 

(24-2) 4-{2-ethoxy-5-[((2>J-2-mercaptomethy 1-4-methy lpentanoylamino)methyl]-

imidazol-1-ylmethyl }-2.3-difluorobenzoic acid. MS m/z: [M+H*] calcd for 

C21H27F2N3O4S, 456.17; found 456.2. 

5 (24-3) 2,3-difluoro-4-{5-[((^-2-mercaptomethyl-4-methylpentanoyiamino)methyl]-2-

propoxyimidazol-l-ylmethyl}benzoic acid. MS m/z: [M+H+] calcd for C22H29F2N3O4S, 

470.18; found 470.4. 

EXAMPLE 25 

Following the procedures described in the examples above, and substituting the 

10 appropriate starting materiais and reagents, compounds 25-1 to 25-70 having the following 

formula where one or two R groups are optionally present, were also prepared. 

Ex. R R1 R1 R- R5 R6 

. 25-1 - -COOH H -O-
(CH2)2CH3 

-CH^SH -CHr 
CHfCH,)? 

25-2 - -COOH H -O-CH2CH3 -CH2SH -CH2~ 
CH(CH3}2 

25-3 . - -COOH -CH2CH3 -G-
CCH^CH, 

-CH2SH -CH2-
CH(CH3}2 

25-4 - -COOH -ChinCHy -O-
CCH2}2CH, 

-SH -CH2-
CH(CH3)2 

25-5 - -COOH -CH2CH3 O-CH2CH3 -SH -CHr 
CH(CH3)2 

25-6 - -SOrNH-
C(0)CH3 

H -O-
(CH2)2CH3 

-CH2SH -CH2-
CH(CH3)2 

25-7 -SOrNH-
C(0)CHj 

-CH2CH3 -O-
(CH2)2CH3 

-CH2SH -CH2-
CH(CH3)2 

25-8 -S02-
NHC(O)-
CH2CH3 

H -0-
(CH2)2CH3 

-CH2SH -CH2-
CH(CH3)2 

25-9 2f-F -COOH -CH2CH3 -0-
(CH2)2CH3 

-SH -CH2-
CH(CH3>2 

25-10 2'-F -COOH -CH2CH3 -0-
<CH2)2CH3 

-CH2SH -CH2-
CH(CH3)? 

25-11 2'-F -COOH -CH2CH3 -0-
(CH7)2CH, 

-SH -CH2-
CH(CH3), 

25-12 2-F -COOH -CH2CH3 -0- -CH2SH | -CH2-
1 CH(CH3)2 
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Ex. R R1 RJ R* R6 

25-13 2'-Ci -COOH -CH2CH3 -O-
(CH2)2CH3 

-SH -CHr 
CH(CH3)2 

25-14 3'-C! -COOH -CH2CH3 -0-
(CH2)2CH3 

-SH -CHr 
CH(CH3)2 

25-15 - -COOH -CH2CH3 -O-CH2CH3 -CHr 
SC(0)CH3 

-CH2-
CH(CK3)2 

25-16 3'-F -COOH -CH2CH3 -O-CH2CH3 -SC(O)-
CH3 

-CH-
CH(CH3)2 

25-17 2'-F -COOH -CH2CH3 -O-CH2CH3 -CH2SH -CH-
CH(CH3)2 

25-18 2'-F -COOH -CH2CH3 -O-CH2CH3 -SH -CH-
CH(CH3>2 

25-19 3'-F -COOH -CH2CH3 -O-
(CH2).CH3 

-SC(O)-
CH3 

-CH2-
CH(CH3)2 

25-20 3'~F -COOH -CH2CH3 -OCH3 -CH2SH ~CH2-
CH(CH3)2 

25-21 • 3'_F -COOH -CH2CH3 -OCH3 -SH ~CH2-
CH(CH3)2 

25-22 3'-F -COOH -CH2CH3 -O-CH 2CH3 -SC(O)-
CH3 

-CH2-
CH(CH3)2 

25-23 3'-F -COOH -CH2CH3 -O-CH2CH3 -CH2S-
CfO)CH3 

-CH3-
CH(CH3)2 

25-24 - -COOH cyclo-
propy! 

-0-
(CH?)2CH3 

-SH -CH2-
CH(CH3)2 

. 25-25 - -COOH cycio-
propyl 

-0-
(CH2)2CH3 

-CH3SH -CH2-
CH(CH3)2 

25-26 - -COOH cycio-
propyl 

-O-CH2CH3 -CH2SH -CHr 
CH(CH3)2 

25-27 3'-F -COOH -CH2CH3 -O-CH2CH3 -SH -CH2-cyclo-
propyl 

25-28 3'-F -COOH cyclo-
propyl 

-0-
fCH2)2CH3 

-SH -CH2-
CH(CH3}2 

25-29 3'-F -NHS02CF3 -CH2CH3 -O-CH2CH3 -SH -CH2-
CHfCH3}3 

25-30 - -SO2NH-
C(0)CH3 

-CH2CH3 -O-CH2CH3 -SH -CH2-
CH(CH3)2 

25-31 3-F -SO2NH-
C(0)CH3 

-CH2CH3 -OCH3 -CH2SH -CH2-
CH(CH3>, 

25-32 3'-F -COOH -CH2CH3 -O-CH2CH3 -SH -(CH2)2CH3 

25-33 3'-F -COOH -CH2CH3 -O-CH2CH3 -SH -CH2-
CH(CH3}2 

25-34 3!-F -COOH -CH2CH3 -O-CH2CH3 -SH -CH2C(CH3)3 

25-35 3'-F -COOH -CH2CH3 -O-CH 2CH3 -SC(O)-
phenyl 

-CH2-
CH(CH3)2 

25-36 3'-F -COOH -CH2CH3 -O-CH2CH3 -SC(O)-
CHr 

morpholine 

-CH2-
CH(CH3)2 

25-37 3'-F -COOH -CH2CH3 -O-CH2CH3 -SC(O)-
(CH2)2-

morphoiine 

-CHr 
CH(CH3)2 
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Ex. R R1 R 2 R3 R> R6 

25-38 - -COOH -CH3 -O-CH2CH3 -SH -CHr 

CH(CH3)2 

25-39 - -COOH -CH3 -O-CH2CH3 -CH2SH -CH2-
CH(CH3)2 

25-40 - -COOH -CH2CH3 -O-CH2CH3 -SH -CH2CH3 
25-41 - -COOH -CH2CH3 -0-CH2CH3 -SH -CH(CH3)-

CH2CH3 
25-42 3'~F -COOH -CH2CH3 -O-CH2CH3 -SC(O)-

CH,CH3 
-CH2-

CH(CH3), 
25-43 3'-F -COOH -CH3 -O-CH2CH3 -SH -CH2-

CH(CH3)2 

25-44 3'-F -COOH -CH3 -O~CH2CH3 -CH2SH -CHr 
CH(CH3>J 

25-45 3-F -COOH -CH2CH3 ~O-CH2CH3 -SH -CH2-cycio-
propy! 

25-46 - -COOH cycio-
propy! 

-O~CH2CH3 -SH -CH2-
CH(CH3)2 

25-47 3'-F -COOH -0-CH3 -(CH2)3CH3 -SH -CH2-
CH(CH3>2 

25-48 3-F -COOH -O-CH3 "(CH2)3CH -CH2SH -CH2-
CH(CH3)2 

25-49 3-F -COOH -O-CH3 -(CH2)3CH -SH -CH(CH3)-
CH2CH3 

25-50 2-F -COOH -Cl -(CH2)3CH3 -CH2SH -CH2-
CH(CH3)2 

25-51 3-F -COOH cycio-
propyl 

-0-CH2CH3 -SH -CH7-
CH(CH3>2 

25-52 3'-F -COOH -CH2CH3 -O-CH2CH3 -CH2-
N(OH)-

CHO 

-CHr 

CH(CH3)2 

25-53 3'-F -COOH -CH2CH3 -O-CH2CH3 -CHr 

N(OH)-
CHO 

benzyl 

25-54 3'-F -COOH -Cl -(CH2)3CH3 -SH -CH2-
CH(CH3)2 

25-55 3-F -COOH -Cl -(CH2)3CH3 -CH2SH -CH2-
CH(CH3> 

25-56 3'-F -COOH -CH2OH -O-CH2CH3 -SH -CH2-
CH(CH3)2 

25-57 3'-F -COOH -CH2OH -O-CH2CH3 -CH2SH -CH?-
CH(CH3)2 

25-58 - tetrazol-5-y! -CH2CH3 -O-CH2CH3 -SH -CH-,-
CH(CH3)2 

25-59 3'-F -COOH -C(CH3}2. 
OH 

-(CH2)2CH3 -SH -CH2-
CH(CH3)2 

25-60 3'-F -COOH -C(CH3)2_ 
OH 

-(CH2)2CH3 -CH2SH -CH2-
CH(CH3)2 

25-61 3-F -COOH -CH2CH3 -O-CH2CH3 -SH -(CH2)2-
pheny! 

25-62 3'-F -COOH -CH2CH3 -O-CH2CH3 -SH -CH(CH3>-
CH2CH3 
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Ex. R R1 RJ Rs R5 R6 

25-63 3'-F -COOH -CH7CH1 -0-CHICH3 -SH phenyl 
25-64 3-F -COOH ~CH2CH3 -O-CH2CH3 -SH 2-

chlorophenyl 
25-65 3*-F -COOH -CH3CH3 -O-CH3CH3 -SH -CHr 

cyclohexyl 
25-66 3'-F -COOH -CH2CH3 -O-CH2CH3 -SH cyclopropyl 
25-67 3'-F -COOH Cl -O-CH2CH3 -SC(0)CH3 -CH2-

CH(CH3)2 
25-68 3'-F -COOH -CH2CH3 -O-CH,CH3 -C(O)-

NH(OH) 
benzyl 

25-69 3'-F -COOH -CH2CH3 -O-CH2CH3 -C(O)-
NH(OH) 

-CHr 
CH(CK3)2 

25-70 3'-F -COOH -CH2CH3 -O-CH2CH3 -SH -CHr 
cyclobutyl 

(25-1) 4'-{5-[((S>2-mercaptomethyl-4-methylpentanoylamino)methyl]-2-

propoxyimidazol-l-ylmethyl}-biphenyl-2-carboxyIic acid. MS m/z: [M+H+] calcd for 

C28H.35N3G4S, 510.24; found 510.5. 

5 (25-2) 4'-{2-ethoxy-5-[((^/)-2-mercaptomethyl-4-methyipentanoylamino)methy Ij­

imidazol-l-yimethyl}-biphenyl-2-carboxylic acid. MS m/z: [M+H*] caicd for 

C27H33N3O4S, 496.22; found 496.3. 

(25-3) 4'-{4-ethyl-5-[(($-2-mercaptomethyl-4-methylpentanoylamino)methyl]-2-

propoxyimidazol-1-ylmethyl}-biphenyl-2-carboxylie acid. MS m/z: [M+Fr] calcd for 

10 C30H39N3O4S, 538.27; found 538.5. 

(25-4) 4'-{4-ethyl-5-[(($~2-mercapto-4~methylpentanoylamino)methyl]-2~ 

propoxyimidazol-l-ylmethyl}-bipheny 1-2-carboxy lie acid. MS m/z:.[M+H+] calcd for 

C29H37N3O4S, 524.25; found 524.6. 

(25-5) 4'-{2-ethoxy-4-ethyl-5-[((1SJ-2-mercapto-4-methylpentanoylamino)methyl]-

15 imidazol-1 -ylmethyl}-bipheny 1-2-carboxylic acid. MS m/z: [M+H+] calcd for 

C28H35N3O4S, 510.24; found 510.5. 

(25-6) (S,)-2-mercaptomethyl-4-methylpentanoic acid [3-(2'-acetyisulfamoyl-biphenyl-

4-ylmethyl)-2-propoxy-3H-imidazol-4-ylmethyl]amide. MS m/z: [M+H^] calcd for 

C29H38N4O5S2, 587.23; found 587.5. 

20 (25-7) ^-2-mercaptomethy 1-4-methy Ipentanoic acid [3-(2'-acetylsulfamoyl-biphenyl-

4-y Imethy I)-5-ethyl-2-propoxy-3H-imidazol-4-ylmethyl]amide. MS m/z: [M+H+] calcd 

for C3IH42N405S2, 615.26; found 615.4. 

(25-8) f£J-N-((l-((2'-(N-(ethyicarbamoyl)suIfamoyl)bipheny[-4-yl)methyl)-2-propoxy-

lH-imidazol-5-yl)methyl)-2-(mercaptomethyl)-4-methylpentanamide. MS m/z: [M+PT] 
-172-



calcd for C30H41N5O5S2, 616.26; found 616.4. 

(25-9) 4'-{4-ethyl-5-[((^-2-mercapto-4-methylpentanoylamino)methyi]-2-

propoxyimidazol-1-ylmethyl }-2'-fluorobiphenyl-2-carboxylic acid. MS m/z: [M+H+] 

calcd for C29H36FN3O4S, 542.24; found 542.6. 

5 (25-10) 4'-{4-ethyi-5-[((S/)-2-rnercaptomethyl-4-methylpentanoylamino)methyl]-2-

propoxyimidazol-l-ylmethyl}-2'-fluorobiphenyI-2-carboxyiic acid. MS m/z: [M+H+] 

calcd for C30H38FN3O4S, 556.26; found 556.2. 

(25-11) 4'-{4-ethyl-5-[((7?)-2-mercapto-4-methyipentanoylammo)methyl}-2-

propoxy imidazol-1-ylmethyI }-2'-fluorobiphenyl-2-carboxylie acid. MS m/z: [M+H+] 

10 calcd for C79H36FN3O4S, 542.24; found 542.6. 

(25-12) 4'-{4-ethyi-5-[({7^-2-mercaptomethy!-4-methylpentanoylamino)methyl]-2-

propoxyimidazol-1-ylmethyl}-2'-fluorobiphenyl-2-carboxylie acid. MS m/z: [M+H+] 

calcd for C3oH3SFN304S, 556.26; found 556.2. 

(25-L3) 2'-chloro-4'-{4-ethyi-5-[(('Sx)-2-mercapto-4-methylpentanoyiamino)methyl]-2-

15 propoxyimidazol-1 -ylmethy 1} -biphenyl~2-carboxylic acid. MS m/z: [M+H"1"] calcd for 

C29H36ON3O4S, 558.21; found 558.2. 

(25-14) 3'-chloro-4'-{4-ethyl-5-[(f5^-2-mercapto-4-methylpentanoylamino)methyi]-2-

propoxyimidazol-1-ylmethyl}-biphenyl-2-carboxylic acid. MS m/z: [M+H*] caicd for 

C29H36C!N304S, 558.21; found 558.4. 

20 (25-15) 4'-{5-[(('S)-2-acetylsulfanyimethy!-4-methylpentanoylammo)methy!]-2-ethoxy-

4-ethyl-imidazol-l-ylmethyl}-biphenyl-2-carboxylic acid. MS m/z: [M+H4] calcd for 

C31H39N3O5S, 566.26; found 566.6. 

(25-16) 4'-{5-[((^-2~acetylsulfanyl-4-methylpentanoylamino)methyl]-2-ethoxy-4-ethyl-

imidazol-l-ylmethyl}-3'-fluorobiphenyl-2-carboxylie acid. MS m/z: [M+H-1] calcd for 

25 C30H36FN3O5S, 570.24; found 570.4. 

(25-17) 4,-{2-ethoxy-4-ethyl-5-[(f'5)-2-mercaptomethyl-4-

methylpentanoylamino)methyl]-imidazol-l-ylmethyl}-2'-fluorobiphenyl-2-carboxylic acid. 

MS m/z: [M+H+] calcd for C29H36FN3O4S, 542.24; found 542.6. 

(25-18) 4'-{2-ethoxy-4-ethyl-5-[((^-2-mercapto-4-methyipentanoylamino)methyl]-

30 imidazol-1 -ylmethyl}-2'-fluorobiphenyl-2-carboxylie acid. MS m/z: [M+H*] calcd for 

C28H34FN304S, 528.23; found 528.4. 

(25-19) 4'-{5-[(^-2-acetylsulfanyi-4-methylpentanoylamino)methyl]-4-ethyl-2-

propoxyimidazol-1-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid. MS m/z: [M+H+] 
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calcd for C31H38FN30sS, 584.25; found 584.0. 

(25-20) 4,-{4-ethyl-5-[(f5^-2-mercaptomethyl-4-methylpentanoylamino)methyl]-2-

methoxyimidazol-1-ylmethyl }-3'-fluorobiphenyl-2-carboxyiic acid. MS m/z: [M+H+] 

calcd for C2gH34FN304S, 528.23; found 528.4. 

5 (25-21) 4'-{4-ethy!-5-[((S^-2-mercapto-4-methylpentanoylamino)methyl3-2-

methoxyimidazol-1-ylmethy l}-3'-fluorobiphenyl-2-carboxylic acid. MS m/z: [M+H4"] 

caicd for C27H32FN3O4S, 514.21; found 514.6. 

(25-22) 4'-{5-[(2-acetylsulfanyl-4-methylpentanoylamino)methyl]-2-ethoxy-4-

ethylimidazol-1-ylmethyl }-3'-fluorobiphenyl-2-carboxylic acid. MS m/z: [M+H4"] calcd 

10 for C30H36FN3O5S, 570.24; found 570.4. 

(25-23) 4'-{5-[(fS)-2-acetylsu!fanyimethyl-4-methylpentanoylamino)methyl]-2-ethoxy-

4-ethylimidazol-l-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid. MS m/z: [M+H4] calcd 

for C31H38FN3O5S, 584.25; found 584.5. 

(25-24) 4'-{4-cyclopropyl-5-[(('S/)-2-mercapto-4-methylpentanoyiamino)methyl}-2-

15 propoxyimidazol-l-ylmethyl}-biphenyl-2-carboxylic acid. MS m/z: [M+H4"] calcd for 

C30H37N3O4S, 536.25; found 536.4. 

(25-25) 4'-{4-cyclopropyl-5-[({'5/)-2-mercaptomethyl-4-methyipentanoylamino)methyl]-

2-propoxyimidazol-1 -ylmethyl} -biphenyl-2-carboxylic acid. MS m/z: [M+H*] calcd for 

C31H39N3O4S, 550.27; found 550.4. 

20 (25-26) 4'-{4-cyclopropyi-2-ethoxy-5-[((S)-2-mercaptomethyl~4-methylpentanoyl-

amino)methyl]-imidazol-l-ylmethyI}-biphenyl-2-carboxylic acid. MS m/z: [M+H"] calcd 

for C3OH37N304S, 536.25; found 536.4. 

(25-27) • 4'-{5-[((S)-3-cyclopropyI-2-mercapto-propionylammo)methyl]-2-ethoxy-4-

ethyl-imidazol-1-ylmethyl }-3'-fluorobiphenyl-2-carboxy lie acid. MS m/z: [M+H4"] calcd 

25 for e28H32FN3G4S, 526.21; found 526.4. 

(25-28) 4,-{4-cyclopropyi-5-[((Sj-2-mercapto-4-methylpentanoylammo)methyl]-2-

propoxyimidazol-l-yimethyl}-3'-fluorobiphenyl-2-carboxylic acid. MS m/z: [M+H+] 

calcd for C30H36FN3O4S, 554.24; found 554.2. 

(25-29) (^-2-mercapto-4-methylpentanoic acid [2-ethoxy-5-ethyl-3-(3-fluoro-2-

30 trifluoromethanesulfonylamino-biphenyl-4-ylmethyI)-3H~imidazol-4-ylmethyl]amide. MS 

m/z: [M+H+] calcd for C28H34F4N404S2> 631.20; found 631.4. 

(25-30) (^-2-mercapto-4-methylpentanoic acid [3-(2'-acetylsuifamoyl-biphenyl-4-

yImethyl)-2-ethoxy-5-ethyl-3H-imidazol-4-ylmethyI]amide. MS m/z: [M+H4"] calcd for 
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C29H38N4O5S2, 587.23; found 587.2. 

(25-31) (^-2-mercaptomethyl-4-methylpentanoic acid [3-(2'-acetylsulfamoyl-3-

fluorobiphenyi-4-ylmethyl)-5-ethyl-2~methoxy-3H-imidazoI-4-ylmethyl]amide. MS m/z: 

[M+H*] calcd for C29H37FN4O5S2, 605.22; found 605.4. 
5 (25-32) 4'-{2-ethoxy-4-ethyl-5-[(($-2-mercaptopentanoylamino)methyl]-imidazol-I-

ylmethyl}-3'-fluorobipheny 1-2-carboxy lie acid. MS m/z: [M+H*] calcd for C27H32FN3O4S, 

514.21; found 514.4. 

(25-33) 4'-{2~ethoxy-4-ethyl-5-[(2-mercapto-4-methy lpentanoylamino)methy Ij­

imidazol-1-ylmethy l}-3'-fluorobiphenyl-2-carboxylic acid. MS m/z: [M+H*] calcd for 

10 C28H34FN3O4S, 528.23; found 529.0. 

(25-34) 4'-{2-ethoxy-4-ethyl-5-[(fl5^-2-mercapto-4,4-dimethylpentanoyiamino)methy Ij­

imidazol-1-ylmethy I }-3'-fluorobiphenyl-2-carboxy lie acid. MS m/z: [M+H*] caicd for 

C29H36FN304S, 542.24; found 542.4. 

(25-35) 4'-{5-[(f$)-2-benzoylsulfanyl-4-methylpentanoylamino)methyi}-2-ethoxy-4-

15 ethylimidazol-1 -ylmethyl }-3'-fluorobipheny 1-2-carboxy lie acid. MS m/z: [M+H*] caicd 

for C35H38FN305S, 632.25; found 632.4. 

(25-36) 4,-(2-ethoxy-4-ethyi-5-{[f'S,)-4~methyi-2-(2-morpholin-4-yi~acetylsulfanyl)-

pentanoylamino]-methyl}-imidazol-l-ylmethyl)-3'-fluorobiphenyl-2-carboxylic acid. MS 

m/z: [M+H^] calcd for C^RuFN+OeS, 655.29; found 655.6. 

20 (25-37) 4'-(2-ethoxy-4-ethyl-5-{[f$-4-methyl-2-(3-morphoiin-4-yl-propionylsulfanyl)-

pentanoylamino]methyl}-imidazol-1-ylmethyl)-3'-fluorobiphenyl-2-carboxylic acid. MS 

m/z: [M+H*] caicd for C35H45FN4O6S, 669.30; found 669.5. 

(25-38) 4'-{2-ethoxy-5-[(f5^-2-mercapto-4-methylpentanoylamino)methyl]-4-methyl-

imidazol-1-ylmethyl }-biphenyl-2-carboxylic acid. MS m/z: [M+H*] calcd for 

25 C27H33N304S, 496.22; found 496.6. 

(25-39) 4'-{2-ethoxy-5-[(fSj-2-mercaptomethyl-4-methylpentanoylamino)methyl]-4-

methyl-imidazol-1 -ylmethyl}-bipheny 1-2-carboxylic acid. MS m/z: [M+H*] calcd for 

C28H35N3O4S, 510.24; found 510.6. 

(25-40) 4'-{2~ethoxy~4-ethyl-5-[(f$-2-mercaptobutyrylamino)methyI]-imidazoi-l-

30 ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid. MS m/z: [M+H*] caicd for C26H30FN3O4S, 

500.19; found 500.4. 

(25-41) 4'-{2-ethoxy-4-ethyl-5-[((2S,3S)-2-mercapto-3-methylpentanoylamino)methyl}-

imidazol-1-ylmethyl }-3'-fluorobiphenyi-2-carboxylic acid. MS m/z: [M+H*] calcd for 
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C2SH34FN304S, 528,23; found 528.4. 

(25-42) 4'-{2-ethoxy-4-ethyI-5-[((S>4-methyl-2-propionylsulfanyipentanoylammo)-

methyi]imidazol-l-ylmethyl }-3'-fluorobiphenyl-2-carboxy lie acid. MS m/z: [M+H*j calcd 

for C31H38FN3O5S, 584.25; found 584.2. 

5 (25-43) 4'-{2-ethoxy-5-[((^-2-mercapto-4-methylpentanoylamino)methyI]-4-methyl-

imidazol-1 -ylmethyl}-3'-ftuorobiphenyl-2-carboxy lie acid. MS m/z: [M+H4"] calcd for 

C27H32FN3O4S, 514.21; found 514.6. 

(25-44) 4'-{2-ethoxy-5-[((S>2-mercaptomethyl-4-methylpentanoylamino)methyl]-4-

methyl-imidazol-1-ylmethyl }-3'-fluorobiphenyl-2-carboxy lie acid. MS m/z: [M+H+] calcd 

10 for C28H34FN3O4S, 52E.23; found 528.2. 

(25-45) 4'-{5-[((§)-3-cyclopentyl-2-mercaptopropionylamino)methyl]-2-ethoxy-4-ethyl-

imidazol-1 -ylmethyl}-3'-fluorobiphenyl-2-carboxyIic acid. MS m/z: [M+H+] calcd for 

C30H36FN3O4S, 554.24; found 554.4. 

(25-46) 4'-{4-cyclopropyl-2-ethoxy-5-[((5/)-2-mercapto-4-methylpentanoylamino)-

15 methyljimidazoi-l-ylmethyl}biphenyl-2-carboxy lie acid. MS m/z: [M+H+] calcd for 

C29H35N3O4S, 522.24; found 522.4. 

(25-47) 4'-{2-butyl-5-[((S/)-2-mercapto-4-methylpentanoylammo)methylj-4~methoxy-

imidazol-l-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid. MS m/z: [M+H4"] calcd for 

C29H36FN304S, 542.24; found 542.2. 

20 (25-48) 4'-{2-butyl-5-[((S/)-2-mercaptomethyl-4-methylpentanoylammo)methyl]-4-

methoxyimidazol-1-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid. MS m/z: (M+H^j calcd 

for C30H38FN3O4S, 556.26; found 556.2. 

(25-49) 4,-{2-butyl-5-[((2S,3S)-2-mercapto-3-methylpentanoylamino)methyl}-4-

methoxyimidazol-l-yimethyl}-3'-fluorobiphenyl-2-carboxylic acid. MS m/z: [M+H+] calcd 

25 for C29H36FN3O4S, 542.24; found 542.2. 

(25-50) 4'-{2-buty I-4-chloro-5-[(f^-2-mercaptomethyl-4-methylpentanoylamino)-

methyl]imidazol-l-ylmethyl}-2'-fluorobipheny!-2-carboxyiic acid. MS m/z: [M+H*] calcd 

for C29H35CIFN3O3S, 560.21; found 560.2. 

(25-51) 4'- £4-cyclopropyl-2-ethoxy-5-[(fSy-2-mercapto-4-methylpentanoylamino)-

30 methyljimidazoi-1-ylmethyl}-3'-fluorobiphenyl-2-carboxylie acid. MS m/z: [M+H*] calcd 

for C29H34FN3O4S, 540.23; found 540.4. 

(25-52) 4'-[2-ethoxy-4-ethyl-5-({2-[(formyIhydroxyamino)methyl]-4-methylpentanoyl-

amino}methyl)imidazol-1-ylmethyl]-3'-fluorobipheny 1-2-carboxylic acid. MS m/z: 
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[M+H*] calcd for C30H37FN4O6, 569.27; found 569.6. 

(25-53) 4'-(5-{[2-benzyl-3-(formylhydroxyamino)propionylamino]methyl}-2-ethoxy-4-

ethyl-imidazol-l-ylmethyl)-3'-fluorobiphenyl~2-carboxylic acid. MS m/z: [M+H*] calcd 

for C33H35FN4O6, 603.25; found 603.4. 
5 (25-54) 4'-{2-butyl-4-chloro-5-[((.S>2-mercapto~4-methylpentanoylamino)methyl]-

imidazol-l-ylmethyl}-3,-fluorobiphenyl-2-carboxylic acid. MS m/z: [M+H*] calcd for 

C28H33CIFN3O3S, 546.19; found 546.6. 

(25-55) 4'-{2-butyl-4-chloro-5-[(($-2-mercaptomethy 1-4-methy Ipentanoylamino)-

methyl]imidazol-l-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid. MS m/z: [M+H*] calcd 

10 for C29H35CIFN3O3S, 560.21; found 560.2. 

(25-56) 4,-{2-ethoxy-4-hydroxymethy!-5-[(flS/)-2-mercapto-4-methylpentanoylamino)-

methyl]-imidazol-l-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid. MS m/z: [M+H*] calcd 

for C27H32FN30sS( 530.20; found 530.4. 
(25-57) 4'-{2-ethoxy-4-hydroxymethyl-5-[(($-2-mercaptomethyl-4-methylpentanoyl-

15 amino)-methy l]-imidazol-1 -ylmethyl} -3'-fluorobipheny 1-2-carboxy lie acid. MS m/z: 

[M+H*] calcd for C28H34FN305S5 544.22; found 544.4. 

(25-58) (S)-2-mercapto-4-methyl-pentanoic acid {2-ethoxy-5-ethyl-3-[2'-(lH-tetrazol-5-

yl)-biphenyl-4-ylmethyl]-3H-imidazol-4-ylmethyl}amide. MS m/z: [M+H*] calcd for 

C28H35N7O2S, 534.26; found 534.4. 

20 (25-59) 3'-fluoro-4'-{4-(l-hydroxy-l-methylethyl)-5-[((5}~2-mercapto-4-methyl-

pentanoylamino)methyl]-2-propylimidazol-l -ylmethyl}bipheny 1-2-carboxylic acid. MS 

m/z: [M+H*] calcd for C30H38FN3O4S, 556.26; found 556.4. 

(25-60) 3'-fluoro-4'-{4-(l-hydroxy-1-methylethyl)-5-[((5)-2-mercaptomethyl-4-

methylpentanoylamino)methyI]-2-propylimidazoi-1-ylmethyl} bipheny 1-2-carboxylic acid. 

25 MS m/z: [M+H*] calcd for CsiH^F^t^S, 570.27; found 570.4. 

(25-61) 4'-{2-ethoxy-4-ethyl-5-[(2-mercapto-4-phenylbutyrylamino)methy Ijimidazol-1 -

ylmethyl}-3'-fluorobiphenyl-2-carboxylie acid. MS m/z: [M+H*] calcd for C32H34FN3O4S, 

576.23; found 576.4. 

(25-62) 4,-{2-ethoxy-4-ethyl-5-[((ZS',3/?)-2-mercapto-3-methylpentanoylamino)methyl]-

30 imidazol-1-yimethyl}-3'-fluorobiphenyl-2-carboxylic acid. MS m/z: [M+H*] calcd for 

C28H34FN3G4S, 528.23; found 528.4. 
(25-63) 4'-{2-ethoxy-4-ethyl-5-[(2-mercapto-2-phenylacetylamino)methyl]imidazol-l-

ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid. MS m/z: [M+H*] calcd for C30H30FN3O4S, 
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548.19; found 548.4. 

(25-64) 4'-(5-{[2-(2-chioro-phenyl)-2-mercaptoacetylamino]methyl}-2-ethoxy-4-

ethy limidazoI-1 -ylmethy l)-3 '-fluorobipheny 1-2-carboxylic acid. MS m/z: [M+FT] calcd for 

C30H29CIFN3O4S, 582.16; found 582.2. 
5 (25-65) 4'-{5-[((1S/)-3-cyclohexyl-2-mercaptopropionylamino)methyl]-2-ethoxy-4-

ethy limidazo!-1-y Imethy l}-3'-fluorobipheny 1-2-carboxy lie acid. MS m/z: [M+H+j calcd for 

C31H38FN304S, 568.26; found 568.4. 

(25-66) 4'~{5-[((S/)-2-cyclopentyl-2-mercaptoacetylamino)methyl]-2-ethoxy-4-

ethy limidazol-1-y lmethyl}-3'-fluorobipheny 1-2-carboxylic acid. MS m/z: [M+H+] calcd for 

10 C29H34FN3O4S, 540.23; found 540.4. 

(25-67) 4'-{5-[((S,)-2-acetylsulfanyl-4-methyipentanoylamino)methyl]-4-chloro-2-

ethoxyimidazol-l-ylmethyl}-3'-fiuorobiphenyl-2-carboxylic acid. MS m/z: [M+H+] caicd 

for C28H3iClFN305Ss 576.17; found 576.4. 

(25-68) 4'-{2-ethoxy-4-ethyl-5-[(2-hydroxycarbamoyl-3-phenylpropionylammo)-

15 methyl]imidazol-l-ylmethyI}-3'-fluorobiphenyl-2-carboxylic acid. MS m/z: [M+H+] calcd 

for C32H33FN406, 589.24; found 589.4. 

(25-69) 4'-{2-ethoxy-4-ethyl-5-[(2-hydroxycarbamoyl-4-methylpentanoylamino)-

methy 1]imidazol-1 -ylmethyl}-3'-fluorobipheny 1-2-carboxylic acid. MS m/z: [M+H+] calcd 

for C29H35FN4O6, 555.25; found 555.2. 

20 (25-70) 4-{5-[((S^-3-cyclobutyi-2-mercaptopropionylamino)methyl]-2-ethoxy-4-

ethyIimidazol-l-ylmethyl}-3r-fluorobiphenyl-2-carboxylic acid. MS m/z: [M+H+] calcd for 

C29H34FN3O4S, 540.23; found 540.5. 

Following the procedures described in the examples above, and substituting the 

appropriate starting materials and reagents, compounds 25-71- to 25-95 can also readily be 

25 prepared. 

Ex. R R! R2 RJ R5 Rb 

25-71 3'_F -COOH Ci -(CH2)2CH3 -SH -CH2-
CH(CH3)2 

25-72 3'-F -COOH Cl -(CH2)2CH3 -CH2SH -CHr 
CH(CH3)2 

25-73 2,5'-
diF 

-COOH -CH2CH3 -0-CH2CH3 -SH -CHr 
CH(CH3)2 

25-74 2',5'-
diF 

-COOH -CH2CH3 -0-CH2CH3 -CH2SH -CH2-
CH(CH3}2 

25-75 3'-F -COOH -CH2F -0-CH2CH3 -SH -CH2-
CH(CH3)2 
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Ex. R R1 R2 RJ R5 R6 

25-76 3'-F -COOH -CH2F -O-CH2CH3 -CH2SH -CHr 
CH(CH3)2 

25-77 - -COOH -CF3 -O-CH2CH3 -SH -CH2-
CHfCH3)2 

25-78 - -COOH Br -O-CH2CH3 -SH -CH2-
CHfCH3)2 

25-79 - tetrazol-5-yl -CH2CH3 -O-CH2CH3 -SC(0)CH3 -CH2-
CH(CH3)2 

25-80 3'-F tetrazol-5-yl Cl -O-CH2CH3 -SH -CH2-
CH(CH3)2 

25-81 3'-F tetrazoi-5-yl cyclo-
propvl 

-O-CH2CH3 -SH -CH2-
CH(CH3)2 

25-82 3'-F -COOH Cl -OCH3 -SH -CH?-
CH(CH3)2 

25-83 3'-F -COOH Cl -O-
fCH,)2CH3 

-SH -CHr 
CH(CH3>2 

25-84 3'-F -COOH Cl -OCH3 -CH2SH -CH2-
CH(CH3)2 

25-85 3'-F -COOH C! -O-
(CH2)2CH3 

-CH2SH -CH2-
CH(CH3)2 

25-86 3'-F -C(0)0CH3 -CH3CH3 -O-CH2CH3 -SC(0)CH3 -CH2-
CH(CH3)2 

25-87 3'-F -C(0)0CH3 -CH2CH3 -O~CH2CH3 -SH -CH2-
CH(CH3)2 

25-88 3'-F -C(O)-
NHSO2CF3 

-CH2CH3 -0-CH2CH3 -SH -CH2-
CH(CH3)2 

25-89 3'-F -COOH -CH.CH, -O-CH7CH3 -SH benzyl 
25-90 3'-F -COOH -CH2CH3 -O-CH2CH3 -SH -CH2-CF3 

25-91 3'-F -COOH -CH2CH3 -O-CH2CH3 -SH -(CHaVCFj : 

25-92 3-F -COOH -CH2CH3 -O-CH2CH3 -SH 2-
fluoropheny! 

25-93 3'-F -COOH -CH2CH3 -O-CH2CH3 -SH 4-
chlorobenzyl 

25-94 3'-F -COOH -CH2CH3 -O-CH2CH3 -SH 2-
fluorobenzvl 

25-95 3'-F -COOH -CH2CH3 -O-CH2CH3 -SH 3-
fluorobenzyl 

(25-71) 4,-{4-chloro-5-[(('Sj-2-mercapto-4-methylpentanoyiamino)-methyl]-2-propyl-

imidazol-l-ylmethyl}-3'-fluorobiphenyl-2-carboxy lie acid. 

(25-72) 4'-{4-chioro-5-[(fS/)-2-mercaptomethy!-4-methyipeiitanoylamino)methyl}-2-

5 propyiimidazol-1 -ylmethyl }-3'-£luorobiphenyi-2-carboxylic acid. 

(25-73) 4,-{2-ethoxy-4-ethyl-5-[((l?/)-2-mercapto-4-methylpentanoylamino)methyl]-

imidazol-l-ylmethyl}-2',5'-difluorobiphenyl-2-carboxylic acid. 

(25-74) 4'-{2-ethoxy-4-ethyl-5-[(7^-2-mercaptomethyl-4-methylpentanoylammo)-

methyljimidazol-1 -ylmethyl}-2',5'-difiuorobipheny!-2-carboxylic acid. 
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(2S-75) 4,-{2-ethoxy-4-fluoromethyi-5-[(f5j-2-mercapto-4-methylpentanoylamitio)-

methyljimidazol-l-ylmethyl}-3'-fluorobipheny 1-2-carboxylic acid. 

(25-76) 4,-{2-ethoxy-4-fluoromethyl-5-[(Y$~2-mercaptomethyl-4-methylpentanoyl-

amino)methyl]imidazol-l-ylmethy! }-3'-fluorobipheny 1-2-carboxylic acid. 

5 (25-77) 4'-{2-ethoxy-5-[((S;-2-mercapto-4-methylpentanoylamino)methylj-4-trifluoro-

methy limidazol-1-y Imethy l}bipheny 1-2-carboxylic acid. 

(25-78) 4'-{4-bromo-2-ethoxy-5-[((^-2-mercapto-4-methylpentanoylamino)methyl]-

imidazol-1-ylmethyl }bipheny 1-2-carboxylic acid. 

(25-79) thioacetic acid S-[(^-l-({2-ethoxy-5-ethyl-3-[2'-(lH-tetrazol-5-yl)biphenyi-4-

10 y lmethyl]-3H-imidazoi-4-y Imethyl }carbamovl)-3-methylbutylj ester. 

(25-BO) f5'y-2-mercapto-4-methylpentanoic acid {5-chloro-2-ethoxy-3-[3-fluoro-2'-( 1H-

tetrazol-5-yl)-biphenyl-4-ylmethyl]-3H-imidazoI-4-ylmethyl}amide. 

(25-81) (S)-2-mercapto-4-methylperitanoic acid {5-cyclopropyl-2-ethoxy-3-[3-fluoro-2'-

(lH-tetrazol-5-yl)-biphenyl-4-yimethylj-3H-imidazol-4-ylmethyl} amide. 

15 (25-82) 4'-{4-chloro-5-[((S/)-2-mercapto~4-methylpentanoylamino)methyl]-2-methoxy-

imidazol-l-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid. 

(25-83) 4,-{4-chioro-5-[((^/)-2-mercapto-4-methylpentanoyiamino)methyI]-2-propoxy-

imidazol-l-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid. 

(25-84) 4'-{4-chloro-5-[( (^-2-mercaptomethy 1-4-methy lpentanoy lamino)methyl]-2-

20 methoxyimidazol-1-ylmethyl }-3'-fluorobiphenvl-2-carboxylic acid. 

(25-85) 4'-{4-chloro-5-[((S>2-mercaptomethyl-4-methylpentanoylamino)methylj 

-2-propoxyimidazol-1 -ylmethyI}-3'-fluorobipheny 1-2-carboxylic acid. 

(25-86) 4'-{5-[((S^-2-acetylsulfany 1-4-methy lpeatanoylamino)methyl]-2-ethoxy-4-ethyl-

imidazol-l-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid methyl ester. 

25 (25-87) 4,-{2-ethoxy-4-ethyl-5-[((^-2-mercapto-4-methylpentarioyiamino)methyl)-

imidazol-1-y Imethyl }-3'-fluorobipheny 1-2-carboxy lie acid methyl ester. 

(25-88) (S^-2-mercapto-4-methyl-pentanoic acid [2-ethoxy-5-ethyi-3-(3-fluoro-2'-

trifluoromethanesulfonylaminocarbonylbiphenyl-4-ylmethyl)-3H-imidazol-4-y imethyl]-

amide. 

30 (25-89) 4'-{2-ethoxy-4-ethy l-5-[(^-2-mercapto-3-phenylpropionylamino)methy Ij­

imidazol-l-ylmethyl}-3'-fluorobipheny 1-2-carboxy lie acid. 

(25-90) 4,-{2-ethoxy-4-ethyl-5-[(4,4,4-trifluoro-2-mercaptobutyrylamino)methylj-

imidazol-l-ylmethyl}-3'-fluorobipheny!-2-carboxyiic acid. 
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(25-91) 4'-{2-ethoxy-4-ethyl-5-[(5,5,5-trifluoro-2-mercaptopentanoylamino)methyl]~ 

imidazol-1-ylmethyl }-3'-fluorobipheny 1-2-carboxy lie acid. 

(25-92) 4-(2-ethoxy-4-ethyl-5-{[2-(2-fluoropheny l)-2-mercaptoacety lammo]methy 1} -

imidazol-i-ylmethyl)-3'-fluorobiphenyl-2-carboxy lie acid. 

5 (25-93) 4'-(5-{[3-(4-chlorophenyl)-2-mercaptopropionylamino]methyl}-2-ethoxy-4-

ethylimidazol-l-ylmethyl)-3'-fluorobiphenyl-2-carboxylic acid. 

(25-94) 4'-(2-ethoxy-4-ethyl-5-{[3-(2-fluorophenyl)-2-mercaptopropionylamino]-

methyl}-imidazol-l-ylmethyi)-3'-fiuorobipheny 1-2-carboxylic acid. 

(25-95) 4'-(2-ethoxy-4-ethyl-5-{[3-(3-fluorophenyl)-2-mercaptopropionylaminoj-

10 methyl} imidazol-1 -ylmethyl)-3'=fluorobipheny 1-2-carboxylic acid. 

Following the procedures described in the examples above, and substituting the 

appropriate starting materials and reagents, compound 25-96 can also readily be prepared: 

(25-96) 4'-(2-ethoxy-4-ethyi-5-{[(fi$'/)-2-mercapto-4-methylpentanoyl)methylamino]-

15 methy l}-imidazol-l-ylmethyl)biphenyi-2-carboxyIic acid. 

Following the procedures described in the examples above, and substituting the 

appropriate starting materials and reagents, compounds 26-1 to 26-10, having the following 

formula, were also prepared: 

o 

EXAMPLE 26 

2 

20 
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Ex. R R1 R2 RJ R* Rb 

26-1 3-fluoro -so2-
NHC(O)-

CH3 

H -Q-CH2CH3 ~CH2SH benzyl 

26-2 3'-fluoro -COOH H -O-CH2CH3 -CH2SH 3,5-difluoro-
benzyl 

26-3 3'-fluoro -COOH H -O-CH2CH3 -CH2SH 2-
fluorobenzyl 

26-4 3'-fiuoro -COOH H -O-CH2CH3 -CH2SH 3-
fiuorobenzyl 

26-5 3'-fluoro -COOH H -0-CH2CH3 ~CH2SH 2-chloro-
benzyl 

26-6 3'-fluoro -COOH H -O-CH2CH3 -CH2SH 3-chloro-
benzyi 

26-7 3'-fluoro -COOH H -O-CH2CH3 -CH2SH 4-
fluorobenzyl 

26-8 3'-fluoro -COOH H -O-CH3CH3 ~CH2SH -CH2-
CH(CH3)2 

26-9 3'-fliioro -COOH -C(CH3)2-
OH 

-(CH2)2CH3 -CH2SH benzyl 

26-10 3'-fluoro -COOH -C(CH3)2-
OH 

-(CH2)2CH3 -CH2SH 2-methyi-
benzyl 

(26-1) 3-(2'-acetylsulfamoyl-3-fluorobiphenyl-4-ylmethyl)-2-ethoxy-3H-imidazole-4-

carboxyiic acid {(R)-\-benzy l-2-mercaptoethyl)-amide. MS m/z: [M+H*] caicd for 

C30H31FN4O5S2, 611.17; found 611.4. 

5 (26-2) 4'- {5~[(R)~ 1 -(3,5-difluorobenzyl)-2-mercapto-ethylcarbamoyl]-2-ethoxy-

imidazol-1 -ylmethyl}-3'-fluorobiphenyl-2-carboxylie acid. MS m/z: [M+H*] calcd for 

C29H26F3N3O4S, 570.16; found 570.6. 

(26-3) , 4'-{2-ethoxy-5-[(7^-l-(2-fluorobenzyl)-2-mercapto-ethylcarbamoyl]-imidazol-

1-ylmethyl }-3'-fluorobipheny 1-2-carboxylic acid. MS m/z: [M+H*] calcd for 

10 C29H27F2N3O4S, 552.17; found 552.8. 

(26-4) 4'-{2-ethoxy-5-[(7^-V-(3-fluorobenzyl)-2-mercapto-ethylcarbamoyl]-imidazol-

l-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid. MS m/z: [M+H*] calcd for 

C29H27F2N3O4S, 552.17; found 552.8. 

(26-5) 4'-{5-[(7?H-(2-chlorobenzyl)-2-mercaptoethylcarbamoyl]-2-ethoxy-imidazol-l-

15 ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid. MS m/z: [M+H*] calcd for 

C29H27CIFN3O4S, 568.14; found 568.3. 

(26-6) 4'- {5-[(R)-1 -(3-chlorobenzyl)-2-mercaptoethy Icarbamoy l]-2-ethoxy-imidazol-1 -

ylmethyl}-3'-fluorobipheny 1-2-carboxylic acid. MS m/z: [M+H*] calcd for 

C29H27CIFN304S, 568.14; found 568.2. 
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(26-7) 4-{2-ethoxy-5-[(7?,)-2-(4~fluorophenyl)-l--mercaptomethylethylcarbamoyi]-

imidazol-l-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid. MS m/z: [M+H*] calcd for 

C29927F2N3O4S, 552.17; found 552.8. 

(26-8) 4'-[2-ethoxy-5-((7?J-l-mercaptomethyl-2-o-tolylethylcarbamoyl)-imidazol-l-

5 ylmethyi]-3'-fluorobiphenyl-2-carboxylie acid. MS m/z: [M+H+] calcd for C30H30FN3O4S, 

548.19; found 548.6. 

(26-9) 4'-[5-({7?/-l-benzyl-2-mercapto-ethylcarbamoyl)-4-(l-hydroxy-1-methy lethyl)-

2-propylimidazol-1 -ylmethy !]-3'~fluorobipheny{-2-carboxylic acid. MS m/z: [M+H+] calcd 

for C33H36FN3O4S, 590.24; found 590.4. 

10 (26-10) 3'-fluoro-4'-[4-(l-hydroxy-1 -methy l-ethyl)-5-((7^-l-mercaptomethyl-3-

methylbutylcarbamoyl)-2-propylimidazol-1-y Imethy I]-biphenyl-2-carboxylic acid. MS 

m/z: [M+H+] calcd for C30H38FN3O4S, 556.26; found 556.4. 

4-Bromomethylbenzoic acid f-butyl ester (19a): 4-Bromomethylbenzoyl bromide 

(13.9 g, 50 mmol, 1.0 eq) was added to 50 mL of DCM, followed by /-butanol (9.6 mL, 

100 mmol, 2.0 eq) and the mixture was slowly warmed to room temperature. After 20 

hours, the reaction was concentrated under reduced pressure, dissolved into 350 mL 

20 EtOAc, washed with 400 mL sat. bicarbonate and 200 mL saturated aqueous NaCl. The 

organic was dried over MgS04, filtered, and concentrated under reduced pressure to yield 

intermediate (19a) as a semisolid (7.3 g). 

1 -(4-?-Butoxycarbonyl~benzyl)-5-propyI-1 H-pyrazole-3-carboxylic acid ethyl ester 

(19b): To the recovered intermediate (19a) (1.4 g, 5 mmol, 1.0 eq) dissolved into 15 mL 

25 DMF, was added 5-propyl-lH-pyrazole-3-carboxylic acid ethyl ester (910 mg, 5.0 mmol, 

1.0 eq) and potassium carbonate (0.8 g, 5.5 mmol, l.l eq) and the mixture was stirred at 

PREPARATION 19 
l-(4-/-Butoxvcarbonvlbenzvl)-5-proovl-lH-pvrazole-3-carboxvlic Acid 

15 
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room temperature for 16 hours. The mixture was then added to 50 mL of 10% aq. LiCl 

solution and extracted with 50 mL EtOAc. The organic was dried over MgS04, and 

concentrated under reduced pressure to yield intermediate (19b) and its regioisomer in a 

1:1 ratio. The recovered regioisomers were dissolved into 25 mL MeOH. To this was 

5 added lOmL of IM NaOH and the mixture was stirred at room temperature over night. 

The mixture was acidified with acetic acid and concentrated under reduced pressure. The 

recovered oil was purified by preparatory HPLC, producing the desired regioisomer of the 

title compound as a white solid TFA salt after lyophilization (230 mg). lH NMR (DMSO) 

0.89 (t, 3H), 1.52 (s, 9H), 5.71 (s, 2H), 6.71 (s, 1H), 7.15 (d, 2H), 7.83 (d, 2H), 13.28 (br s, 
10 IH), 

PREPARATION 20 

Thioacetic acid S-(Y.S7-2-ammo-3-r>henvipropvP> Ester 

((SM-Benzy l-2-hydroxyethyl)carbamic acid /"-butyl ester (20a): f5?-2-Amino-3-

15 phenyl-propan-l-ol (5 g, 33 mmol, 1,0 eq) was dissolved into 100 mL MeOH. To this was 

added di-/-butyldicarbonate (7.6 g, 35 mmol, 1.1 eq) and the mixture was stirred at room 

temperature for 4 hours. The mixture was then concentrated under reduced pressure, 

dissolved into EtOAc, and washed with IM H3PO4 and saturated aqueous NaCl. After 

drying over MgS04, the organic was filtered and concentrated under reduced pressure to 

20 yield crude intermediate (20a) (8.5 g). 

Toluene-4-sulfonic acid (S>2-/-butoxycarbonylamino-3-phenylpropyl ester (20b): 

The recovered intermediate (20a) (8.5 g, 33 mmol, 1.0 eq) was dissolved into 70 mL 

pyridine containing potassium hydroxide (2.1 g, 37 mmol, 1.1 eq) and the mixture was 

chilled in an ice bath. Tosyl chloride (7.1 g, 37 mmol, 1.1 eq) was added and the mixture 

25 was stirred at 0 °C for 2 hours then refrigerated overnight. The mixture was filtered and 

the filtrate was concentrated under reduced pressure. The recovered residue was dissolved 

into 300 mL EtOAc, washed with 2x200 mL 1M H3PO4, saturated bicarbonate, and 

saturated aqueous NaCl. The organic was dried over MgS04 and concentrated under 

reduced pressure to yield intermediate (20b) (10.3 g) as a pale brown oil. 
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Intermediate (20b) (10.3 g, 25 mmol, 1.0 eq) was added to a solution of thioacetic 

acid (2.2 mL, 30 mmol, 1.2 eq) and KOH (1.7 g, 30 mmol, 1-2 eq) in 80 mL DMF cooled 

to 0 °C. The mixture was stirred at 0 °C for 2 hours, slowly warmed to room temperature, 

then stirred for 48 hours. The mixture was diluted with water and extracted with EtOAc. 

The material was washed 2x with sat, bicarbonate and saturated aqueous NaCl, then dried 

over MgSC>4. The organic was filtered and concentrated under reduced pressure to yield an 

oil (7.1 g). This oil was then dissolved into 30 mL of I: I TFA:DCM and stirred at room 

temperature for I hour. The mixture was concentrated to produce the title compound in a 

quantitative yield. 

EXAMPLE 27 
4-f 5-( (S)-1 -Benzvl-2-mercaptoethvlcarbamoviy 3-propylpyrazol-1 -vimethvil 

benzoic acid (compound 27-i: R5 - -CH?SH) 
OH 

I -(4-f-Butoxycarbonylbenzyl)-5-propyl-1 H-pyrazole-3-carboxyiic acid (460 mg, 

15 0.1 mmol, 1.0 eq) was dissolved into 1.0 mL DMF. To this was added HATU and the 

mixture was shaken for 10 minutes. Thioacetic acid S-((S/-2-amino-3-phenylpropyl) ester 

(320 mg, 0.1 mmol, 1.0 eq) was added, followed by DIPEA (520 JAL, 0.3 mmol, 3.0 eq). 

The mixture was shaken over night, concentrated under reduced pressure, arid the residue 

redissoived into 3 mL of 4N HCl in dioxane and shaken for 4 hours. The mixture was 

20 again concentrated under reduced pressure, and dissolved into 2.0 mL MeOH. The mixture 

was. purged with nitrogen, 1.0 mL of 3M NaOH was added, and the mixture was stirred at 

room temperature for 2 hours. The mixture was acidified with 0.5 mL acetic acid and 

concentrated under reduced pressure. The recovered oil was purified by reverse HPLC to 

yield compound 27-1 as a white solid (1.3 mg). MS m/z: [M+H*] calc'd for C24H27N3O3S, 

25 438.2; found 438. 

Compound (27-2) was prepared in a similar manner: 4-[5-(($M-

hydroxycarbamoyi-2-phenylethylcarbamoyl)-3-propylpyrazol-1 -ylmethyljbenzoic acid (R5 

= -C(0)N(0H)H). MS m/z: [M + H"1"] calcd for C24H26N405, 451.19; found 451. 
-IS5-



PREPARATION 21 

[1-Ethoxv-but-fEVvlidene-hvdrazinocarbonvlmethyllcarbamic acid /-Butyl Ester 

Ethano! 
HCi 

[(CH3(CH2)330 

NH HCl 

Ethyl butyrimidate*HCi (21a): 1 -cyanopropane (20 g, 290 mmol) was mixed with 

5 butylether (250 mL) and cooled to 0 °C. Ethanol (18.6 mL, 320 mmol) was added and HCl 

gas was bubbled through the mixture for 45 minutes. The mixture was then sealed and 

stored at 5 °C overnight. A 100 mL aliquot of the mixture was withdrawn and 

concentrated to give an oil which was dissolved in MeCN and concentrated until 

crystallization was initiated. EtOAc was added and the mixture was maintained at -20 °C 

10 overnight. The resulting solidified mixture was diluted with EtOAc, filtered, and washed 

with diethyl ether under nitrogen to give 7.8 g of compound (21a) as a white solid. lH-

NMR (DMSO): 11.5 ppm (bs, 2H), 4.45 ppm (q, 2H), 2.6 ppm (t, 2H), 1.65 ppm (m, 2H), 

1.3 ppm (t, 3H), 0.9 ppm (t, 3H). 

Compound (21a) (3.0 g, 19.9 mmol) was dissolved in ethanol (10 mL) and cooled 

15 to -78° C. Hydrazinocarbonylmethylcarbamic acid /-butyl ester in ethanol (10 mL) was 

added dropwise over 20 minutes. The mixture was then capped and stored at 4 °C for 4 

days. The precipitant was filtered off and the solvent was concentrated to obtain the title 

compound (4.0 g). 

PREPARATION 22 

20 4'-Aminomethvlbiphenvl-2-carboxvlic Acid /-Butyl Ester 

O, 

4'-(l ,3-Dioxo-1,3-dihydroisoindol-2-ylmethyI)biphenyl-2-carboxylic Acid /-Butyl 

r-Bromomethylbiphenyl-2-carboxylic acid /-butyl ester (4.0 g, 11.5 mmol) 



and potassium phthalimide were combined and dissolved in DMF (30 mL), and the mixture 

was heated at 50 °C for two days. The mixture was then cooled to room temperature and 

the reaction quenched with water (30 mL). The mixture was then extracted with EtOAc, 

and washed with a 10% aqueous lithium chloride solution. The organic layer was dried 

5 over Mg$04, filtered and concentrated to obtain intermediate (22a) (4.8 g). MS m/z: 

[M+H4"] calcd for C26H23NO4, 414.5; found 414.3. 

Intermediate (22a) (4.8 g, 11.5 mmol) and hydrazine (5.0 mL, 100 mmol) were 

dissolved in ethanol (50 mL) and heated at 80 °C for 5 hours. The mixture was then cooled 

to room temperature, the precipitant was filtered off and the solvent was concentrated to 

10 obtain the title compound (3.4 g). MS m/z: [M+H4"] calcd for C18H21NO2, 284.4; found 

284.3. 

PREPARATION 23 
4'-n-Ammomethvl-5-propvlf 1.2.41triazol-4-y Imethy l)biphenvl-2-carboxvlic Acid 

15 4'-[3-(/-Butoxycarbonylaminomethyl)-5-propyl-[ 1,2,4]triazol-4-

ylmethyl]biphenyl-2-carboxylic acid /-butyl ester (23a): 4'-Aminomethylbiphenyl-2-

carboxylic acid /-butyl ester (1.5 g, 5.2 mmol) and [l-ethoxy-but-(E)-ylidene-

hydrazinocarbonylmethyl] carbamic acid /-butyl ester (1.0 g, 3.5 mmol) were combined 

and dissolved in ethanol (50 mL). The mixture was heated at 50 °C for 2 hours and then 

20 70 °C overnight. The mixture was then cooled and concentrated. The product was purified 

by silica gel chromatography (0-20% MeOH:DCM) to obtain intermediate (23a) (400 g). 

MS m/z: [M+H*] caicd for C29H38N4G4, 507.6; found 507.3. 

Intermediate (23a) (400 mg, 790 fimol) was dissolved in a mixture of TFA (1 

mL) and DCM (2 mL). The mixture was stirred at room temperature for 4 hours and was 

25 then concentrated. The product was purified by preparative HPLC (10-50% MeCN in 

water w/ 0.05% TFA) to obtain the title compound (120 mg). MS m/z: [M+H*] calcd for 

C2oH22N402) 351.4; found 351.2. 
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EXAMPLE 28 

4'-(3-ff2-Acetylsuifanvlmethvl-4-methvlpentanovtamino)methvl]-5-propvin.2>4]triazol-4-

5 

vlmethvHhinhenvi-2-carboxviic Acid (28a: R5a = -C(O)CH^) and 4M3-f(2-

Mercaptomethvl-4-methvlpentanovlamino)methvn-5-propvlfl.2.41 triazol-4-

vlmethvl)biphenvl-2-carboxvlic Acid (28b; R5a-H) 

S-R 53 

2-Acetyl$ulfanylmethyl-4-methylpentanoic acid (66.0 mg, 0.314 mmol) and HATU 

(119 mg, 314 nmoi) were combined and dissolved in DMF (2 mL) and stirred for 15 

minutes. DIPEA (50 fiL, 290 jimol) was then added and the mixture stirred at room 

10 temperature for 30 minutes. 4'-(3-Aminomethy 1-5-propy 1-1,2,4-triazol-4-

ylmethyl)biphenyl-2-carboxyHc acid (100 mg, 290 fimol) in DMF (1 mL) was added to the 

mixture, followed by the addition of a second equivalent of DIPEA (50 \xL, 290 fimol). 

The mixture was stirred at room temperature overnight. Water (5 mL) was added to 

quench the reaction, and the mixture was then extracted with EtOAc and washed with a 

15 10% aqueous lithium chloride solution. The organic layer was dried over MgS04, filtered 

and concentrated to obtain intermediate (28a) (50 mg) which was carried directly on to the 

next reaction. MS m/z: [M+H"} calcd for C29H36N4O4S, 537.7; found 537.3. 

Intermediate (28a) (50 mg, 930 jimol) was dissolved in MeOH (2 mL) and 1 N 

sodium bicarbonate (2 mL), and stirred at room temperature under nitrogen for 30 minutes. 

20 The reaction was quenched with acetic acid and the resulting mixture concentrated. The 

product was purified by preparative HPLC (30-70% MeCN in water w/ 0.05% TFA) to 

obtain the title compound (9 mg). MS m/z: [M+H*] calcd for C27H34N4O3S, 494.7; found 

494.4. 

appropriate starting materials and reagents, compounds 29-1 to 29-4, having the following 

EXAMPLE 29 
25 Following the procedures described in the examples above, and substituting the 
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formula, were also prepared: 

R" 

(29-1) 4,-{3-[(2-hydroxycarbamoyl-4-methylpentanoylamino)methyl]-5-propyl[l,2,4] 

triazol-4-ylmethy 1}bipheny 1-2-carboxylic acid (R5 = -C(0)N(0H)H; R6 = -CH2CH(CH3)2). 

5 MS m/z: [M + H+] calcd for C27H33N5O5, 508.25; found 508.4. 

(29-2) 41-{3-[(2-hydroxycarbamoyl-3-phenylpropionylamino)methyl]-5-propyl[l,2,4] 

triazol-4-ylmethyl}biphenyl-2-carboxylic acid (R5 = -C(0)N(0H)H; R6 = benzyl). MS m/z: 

[VI + FT] calcd for C30H31N5O5, 542.23; found 542.2. 

(29-3) 4'-{3-[(2-mercaptomethyi-3-phenylpropionylamino)methyl]-5-propyl[l,2,4] 

10 triazol-4-y imethy I} bipheny l-2-carboxy lie acid (R5 = -CH2SH; R6 = benzyi). MS m/z: [M + 

H*] calcd for CaoHazN^S, 529.22; found 529. 

(29-4) 4'-{3-[((^j-2-mercaptomethyl-4-methylpentanoyiamino)methyl]-5-propyl 

[1,2,4]triazol-4-ylmethyl}biphenyi-2-carboxyHc acid (R5 = -CH2SH; R6 = -CH2CH(CH3)2)-

MS m/z: [M + H+] calcd for C27H34N4O3S, 495.24; found 495.2. 

15 EXAMPLE 30 

Following the procedures described in the examples above, and substituting the 

appropriate starting materials and reagents, compounds 30-1 to 30-4, having the following 

formula, were also prepared: 

triazol-4-yImethyl}benzoic acid (R5 = -CH2SH; R6 = -CH2CH(CH3)2). MS m/z: [M + H+] 

calcd for C21H30N4O3S, 419.20; found 419.2. 

(30-2) 4-{3-[(2-mercaptomethy!-3-phenylpropionylamino)methyl]-5-propyl[l,2,4] 

triazoI-4-ylmethyl}benzoic acid (R5 = -CH2SH; R6 = benzyl). MS m/z: [M + H+] calcd for 

25 C24H28N4O3S, 453.19; found 453.2. 

(30-3) 4-{3-[(2-hydroxycarbamoyl-4-methylpentanoyiamino)methy[}-5-propyl[l,2,4] 

triazol-4-y Imethy I} benzoic acid (R5 = -C(0)N(0H)H; R6 = -CH2CH(CH3)2). MS m/z: [M + 

¥t] calcd for C21H29N5O5, 432.22; found 432.2. 

20 (30-1) 4-{3-[(2-mercaptomethyl-4-methylpentanoylamino)methyl]-5-propyl[l,2,4] 



(30-4) 4-{3-[(2-hydroxycarbamoyl-3-phenylpropionylamino)methyl]-5-propyl[l,2,4j 

triazol-4-y Imethy Ijbenzoic acid (R5 - -C(O)N(0H)H; R6 - benzyl). MS m/z: [M + H+] 

calcd for C24H2?Ns05, 466.20; found 466.2. 

PREPARATION 24 

(6-Butvl-2-oxo-1.2-dihvdropyridin-3-vlmethvl>carbamic Acid f-Butvl Ester 

24a HN-

O 

6-Butyl-2-oxo-1,2-dihydropyridine-3-carbonitrile (24a): A solution of 

diisopropylamine (20.5 mL, 2 eq) in THF (200 mL) was cooled to -5 °C. w-Butyllithium 

(53.5 mL, 2.9 M in hexanes, 2 eq) was added over 10 minutes. The solution was allowed 

10 to rise to 0 °C, stirred for 0.5 hours, then cooled again to -30 °C. 3-Cyano-6-methyl-

2(IH)pyridinone (10 g, 75 mmol) was added portionwise, and the mixture was allowed to 

warm to room temperature and stirred for 2 hours. The solution was then cooled to -50 °C, 

and 1-bromopropane (6.8 mL, 1 eq) was added. The solution was allowed to warm to 

room temperature, stirred for 1 hour, and then quenched with a saturated ammonium 

15 chloride solution. The THF was evaporated and the aqueous phase extracted with DCM (2 

x 100 mL). The organics were washed with saturated aqueous NaCl, dried over Na2S04, 

and evaporated to yield intermediate (24a) as an orange solid (10.8 g, 61 mmol), which was 

used without further purification. MS m/z: [M+H+] calcd for CioHt2N20, 177.2; found 

177.0. 'H-NMR(DMSO) 7.87 (IH, d), 6.05 (IH, d), 2.38 (2H, t), 1.41 (2H, m), 1.15 (2H, 

20 m), 0.93 (IH, d), 0.73 (3H, t). 

3-Aminomethyl~6-butyMH-pyridin-2-one (24b): intermediate (24a) (180 mg. 1 

mmol) was dissolved in MeOH (10 mL). Aqueous ammonia (1 mL) was added, followed 

by wet Raney Nickel (100 mg). The mixture was stirred at room temperature under 

hydrogen for 3 hours. The mixture was then filtered and the filtrate evaporated to yield 

25 intermediate (24b) (157 mg, 870 jimol, which was used without further purification. MS 

m/z: [M+H+] calcd forCioHl7N20, 181.3; found 181.3. 

Intermediate (24b) (157 mg, 0.87 mmol) was dissolved in DCM (10 mL). 

Triethylamine (121 ^L, 1 eq) was added, followed by di-ter/-butyl dicarbonate (189 mg, 1 

eq). The mixture was stirred at room temperature for 16 hours. The solvent was then 

30 evaporated and the residue purified by silica gel chromatography (1:1 EtOAc:hexane) to 
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afford the title compound (200 mg, 710 jimol). MS m/z: [M+H*] caicd'for C15H25N2O3, 

281.4; found 281.3. 

4'-(3-Aminomethvl-6-butvl-2-oxo-2H-pvridin-\-v\methvDbiphenvi-2-carboxvlic Acid'HCl 

4'-[3-(/-Butoxycarbonylaminomethyl)-6-butyl-2-oxo-2H-pyridin-1 -

ylmethyl]biphenyl-2-carboxylic Acid /-Butyl Ester (25a): (6-Butyl-2-oxo-l,2-

dihydropyridin-3-ylmethyl)carbamic acid /-butyl ester (200 mg, 0.71 mmol) was dissolved 

in THF (5 mL) and cooled to -5 °C. n-Butyllithium (285 (iL, 2.5M solution in hexanes, 1 

10 eq) was added, and the mixture was stirred at -5 °C for 5 minutes. 4'-

BromomethyIbiphenyI-2-carboxylie acid /-butyl ester (247 mg, 1 eq) was added, and 

solution was warmed to reflux and stirred for 72 hours. The solution was allowed to cool, 

the solvent evaporated and the residue purified by silica gel chromatography (3:1 

hexanes:EtOAc) to yield intermediate (25a) as a white solid (180 mg, 330 fimol). MS m/z: 

15 [M+H*] calcd for C33H43N2O5, 547.7; found 547.3. 

Intermediate (25a) (180 mg, 0.33 mmol) was dissolved in DCM (3 mL) and TFA (3 

mL). The mixture was stirred at room temperature for 16 hours, and then evaporated to 

dryness. The residue was dissolved in MeCN and water, and HCl (1M, 0.5mL) was added. 

The solution was lyophilized to yield the title compound (133 mg, 310 jimol) as a white 

20 solid, which was used without further purification. MS m/z: [M+H*"] calcd for 

C24H27N2O3, 391.5; found 391.3. 

4M6-Butvl-3-(Y2-mercaptomethvl-4-methylDentanoviamino)methvn-2-oxo-2H-pvridin-!-

vlmethvl>biphenyl-2-carboxviic Acid (compound 31-1: R6 - -CH^CHfCH-O?) 

PREPARATION 25 

5 

EXAMPLE 31 

25 HO 
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2-Acetylsulfanylmethyl-4-methyl-pentanoic acid (24 mg, 1.1 eq) and HATU (44 

mg, l.i eq) were dissolved in DMF (2 mL). DIPEA (740 fiL, 4 eq) was added, and the 

mixture was stirred at room temperature for 15 minutes. 4'-(3-AminomethyI-6-butyi-2-

oxo-2H-pyridin-l-ylmethyl)biphenyl-2-carboxylic acid HCS (45 mg, 0.1 mmol) was added, 

5 and the solution was stirred at room temperature for 4 hours. The reaction was quenched 

with water (8 mL) and concentrated HCl (3 drops), and the mixture extracted with EtOAc 

(10 mL). The organic layer was dried over NajSO^ and evaporated. The residue was 

dissolved in MeOH (1 mL) and 1M NaOH (3 mL). The solution was stirred under nitrogen 

for 20 minutes, and the reaction was then quenched with acetic acid (2 mL). The MeOH 

10 was evaporated, and the aqueous component extracted with EtOAc (10 mL). The solvent 

was evaporated and the residue purified by reverse phase chromatography to afford the title 

compound (7.5 mg, 140 fimol). MS m/z: [M+H+] calcd for C3rH39N204S, 535.7; found 

535.2. 

Compound (31-2) was prepared in a similar manner: 4'-{3-[(2-benzyl-3-

15 mercaptopropionyiammo)methyl]-6-butyl-2~oxo-2H-pyridin-l-ylmethyl}biphenyl-2-

carboxylic acid (R6 = benzyl). MS m/z: [M + H+] calcd for C34H36N2O4S, 569.24; found 

570.2. 

PREPARATION 26 

4-chloro-2-ethoxvimidazoie-5-carboxaldehvde 

4-Bromo-5-chloro-2-ethoxy-1 -(2-trimethy Isi lanyiethoxymethyl)-1 H-imidazole 

(26a): n-Butyllithium (2.5M in hexanes, 3.3 mL) was added to a solution of 4,5-dibromo-2-

etho?cy-l-(2-trimethyIsilanylethoxymethyI)-1H-tmidazole (3.0 g, 7.5 mmol) and N,N,N',N'-

tetramethylethylenediamine (1.2 mL, 8.3 mmol) in THF (20 mL) at -78 °C. After 3 

25 minutes, a solution of hexachloroethane (2.3 g, 9.7 mmol) in THF (8 mL) was added at -78 

°C. The mixture was stirred at -78 °C for 1 hour and was then allowed to warm to room 
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temperature. Saturated aq. NH4CI (3 mL) was added and the mixture was concentrated in 

vacuo. The mixture was extracted with EtOAc (2x100 mL) and sat. aq. NaHC03 (30 mL). 

The combined organic fractions were dried over Na2S04, filtered, and concentrated in 

vacuo. Silica gel chromatography (EtOAc:hexane) afforded intermediate (26a) (2.3 g). 

5-Chloro-2-ethoxy-1 -(2-trimethylsilanylethoxymethyl)-1 H-imidazole-4-

carbaldehyde (26b): n-Butyllithium (2.5M in hexanes,1.2 mL) was added to a solution of 

intermediate (26a) (1.0 g, 2.8 mmol) and N,N,N',N'-tetramethy lethy lenediamine (0.5 mL, 

3.1 mmol) in THF (8 mL) at -78 °C. DMF (0.3 mL, 3.4 mmol) was added after 3 minutes. 

The mixture was stirred at -78 °C for 1 hour. The mixture was allowed to warm to room 

temperature over 30 minutes. Saturated aq. NHjOH (1 mL) was added and the mixture 

was concentrated in vacuo. The mixture was extracted with DCM (2x30 mL) and 0.5M 

PO3H4 (10 mL). The combined organic fractions were washed with sat. aq. NaHCOs (20 

mL), dried over Na2S04, filtered, and concentrated in vacuo. Silica gel chromatography 

(EtOAc:hexane) afforded intermediate (26b) (600 mg). 

A solution of intermediate (26b) (500 mg, 2.0 mmol) in DCM (2 mL) and TFA (4 

mL) was stirred at room temperature for 3 hours. The mixture was concentrated in vacuo. 

The concentrate was extracted with DCM (2x8 mL) and sat. aq. NaHCOs (5 mL). The 

combined organic fractions were dried over Na2S04, filtered, and concentrated in vacuo to 

afford the crude title compound (298 mg). 

4'-(4-Chloro-2-ethoxy-5-formyi-imidazol-l-ylmethyl)-31-fluoro-bipheny 1-2-

carboxylic acid tert-butyl ester (27a): A solution of 4-chloro-2-ethoxyimidazole-5-

carboxaldehyde (295.0 mg, 1.7 mmol), 4'-bromomethyl-3'-fluorobiphenyl-2-carboxylic 

acid /-butyl ester (617 mg, 1.7 mmol) and potassium carbonate (467 mg, 3.4 mmol) in 

PREPARATION 27. 

4'-('5-Ammomethyl-4-chloro-2-ethoxvimidazol-l -vimethvD-

3'-fluorobiphenvl-2-carboxviic acid /-Butyl Ester 
C! 
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DMF (6 mL) was stirred overnight. The mixture was filtered and concentrated in vacuo. 

SiLica gel chromatography (hexaneiEtOAc) afforded intermediate (27a) (598 mg). 

4'-[4-Chloro-2-ethoxy-5-(hydroxyiminomethyl)imidazol-l-ylmethyl]-3'-

fluorobiphenyl-2-carboxylic acid f-butyl ester (27b): Hydroxyiamine hydrochloride (185 

mg) was added to a solution of intermediate (27) (610.0 mg, 1.3 mmol) in pyridine (8 mL) 

and water (3 mL). After I hour, water (20 mL) was added and the resulting precipitate was 

filtered. The solid was dried in vacuo to afford crude intermediate (27b) (468 mg). 

Titanium(III) chloride (448 mg, 2.90 mmol) was added to a solution of intermediate 

(27b) (459.0 mg, 1.0 mmol), NaBH3CN (274 mg, 4.4 mmol) and ammonium acetate (164 

mg, 2.1 mmol) in MeOH (8 mL) at 0 °C. The mixture was stirred at room temperature for 

3 hours. The mixture was added to a solution of sat. aq. ammonia (15 mL) and MeOH (15 

mL). The solution was filtered, and concentrated in vacuo. The concentrate was extracted 

with DCM (2x80 mL) and sat. aq. NaHC03 (50 mL). The combined organic layers were 

dried over Na2S04, filtered and concentrated in vacuo. Silica gel chromatography 

[DCM:MeOH (5% triethylamine)] afforded the title compound (85 mg). 

4'-f4-Chloro-2-ethoxv-5-rC^-2-mercapto-4-methvlpentanovlamino>methvnimidazol-l-

EDC (30 pL, 0.2 mmol) was added to a solution of 4'-(5-aminomethyl-4-chloro-2-

ethoxyimidazol-l-ylmethyl)-3'-fluorobiphenyl~2-carboxylic acid /-butyl ester (80.0 mg, 0.2 

mmol), ($-2-acetylsulfanyl-4-methyipentanoic acid (33.1 mg, 0.2 mmol), l-Hydroxy-7-

azabenzotriazole (23.7 mg, 0.2 mmol), and 4-methylmorpholine (19.1 p.L, 0.2 mmol) in 

DMF (1 mL) at 0 °C. The mixture was stirred overnight at room temperature. The mixture 

was extracted with EtOAc (2x1 OmL) and 0.5M aq. HCl (lOmL). The combined organic 

fractions were dried over sodium sulfate and concentrated in vacuo to afford an oil. A 

EXAMPLE 32 

vlmethviy-3'-fluorobiphenvl-2-carboxvlic Acid* C?HF-sQ? 

OH 



10 

15 

25 

solution of the oil in DCM (2 mL) and TFA (4 mL) was stirred at room temperature. After 

2 hours, the mixture was concentrated in vacuo to afford an oil. A solution of the oil in 

MeOH (2 mL) and 1M aq. NaOH (3 mL) was stirred under nitrogen for 1.5 hours. The 

mixture was neutralized with 6M aq. HCl and was concentrated in vacuo. Reverse phase 

HPLC afforded the title compound (9.7 mg). MS m/z: [M+H4"] calcd for C26H29C1 FN3O4S, 

534.16; found: 534.0. 

EXAMPLE 33 
Cvclization of 4'-(2-ethoxv-4-ethvl-5-F(#i')-2-mercapto-4-methvlpentanovlamino)methvn-

imidazol-l-vimethvn-3'-fluorobiphenvl-2-carboxvlic acid to form cyclic prodrugs (33-11 

and (33-2) 

To a solution of 4'-{2-ethoxy-4-ethyl-5-[((1S/)-2-mercapto-4-methylpentanoyl-

amino)methyl]imidazol-l-ylmethyI}-3-fluorobiphenyl-2-carboxylic acid»C2HF302 (138 

mg, 215 (imol) in methylene chloride (20 mL, 0.3 mol) was added DMAP (27.6 mg, 0.226 

mmol) and EDC (43.3 mg, 0.226 mmol). The mixture was stirred at room temperature 

overnight. After evaporation of volatile solvents, the residue was purified by preparative 

HPLC, to yield the cyclic thioesters as monomer (33-1) and dimer (33-2) in a pure form 

(>95%). 

(33-1) ESMS [M+H+] calcd for C28H32FN3O3S, 510.22; found 510.6. Anal. HPLC 

retention time = 3.86 min; gradient conditions = 25-95% MeCN/H20 over 5 min. *H-

NMR (CD3OD, 300 MHz) 5 (ppm) 7.60 (m, IH), 7.54 (m, IH), 7.52-7.48 (m, 2H), 7.40 

(m, IH), 7.36-7.38 (m, IH), 6.89-6.92 (d, 1H),4.71 (m, 2H), 4.30-4.35 (br d, IH), 4.20 (br 

d, IH), 4.05 (t, IH), 2.60-2.68 (m, 2H), 1.60-1.75 (m, IH), 1.55-1.60 (m, 4H), 1.43 (m, 

IH), 1.23 (t, 3H), 0.90 (d, 6H). 

(33-2) ESMS [M+H+] calcd for C56H64F2N6O6S2, 1019.44; found 1019.8. Anal. 

HPLC retention time - 4.19 min; gradient conditions 25-95% MeCN/H20 over 5 min. 
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ASSAY 1 

ATt and AT? Radioligand Binding Assays 

These in vitro assays were used to assess the ability of test compounds to bind to 

the ATi and the AT2 receptors. 
5 Membrane Preparation From Cells Expressing Human ATj or AT2 Receptors 

Chinese hamster ovary (CHO-K1) derived cell lines stably expressing the cloned 

human ATt or AT> receptors, respectively, were grown in HAM's-F12 medium 

supplemented with 10% fetal bovine serum, 10 ^g/ml penicillin/streptomycin, and 

500 }ig/ml geneticin in a 5% CO2 humidified incubator at 37 °C. AT2 receptor expressing 

10 cells were grown in the additional presence of 100 nM PD 123,319 (AT2 antagonist). When 

cultures reached 80-95% confluence, the cells were washed thoroughly in PBS and lifted 

with 5 mM EDTA. Cells were pelleted by centrifugation and snap frozen in MeOH-dry ice 

and stored at -80 °C until further use. 

For membrane preparation, cell pellets were resuspended in lysis buffer (25 mM 

15 Tris/HCl pH 7.5 at 4 DC, 1 mM EDTA, and one tablet of Complete Protease Inhibitor 

Cocktail Tablets with 2 mM EDTA per 50 mL buffer (Roche cat.# 1697498, Roche 

Molecular Biochemicals, Indianapolis, IN)) and homogenized using a tight-fitting Dounce 

glass homogenizer (10 strokes) on ice. The homogenate was centrifuged at 1000 x g, the 

supernatant was collected and centrifuged at 20,000 x g. The final pellet was resuspended 

20 in membrane buffer (75 mM Tris/HCl pH 7.5, 12.5 mM MgCl2, 0.3 mM EDTA, 1 mM 

EOTA, 250 mM sucrose at 4 °C) and homogenized by extrusion through a 20G gauge 

needle. Protein concentration of the membrane suspension was determined by the method 

described in Bradford (1976) Anal Biochem. 72:248-54. Membranes were snap frozen in 

MeOH-dry ice and stored at -80 °C until further use. 

25 Ligand Binding Assay to Determine Compound Affinities 
for the Human AT/ and AT2 Angiotensin Receptors 

Binding assays were performed in 96-well Acrowell filter plates (Pall Inc., cat.# 

5020) in a total assay volume of 100 jxL with 0.2 membrane protein for membranes 

containing the human AT i receptor, or 2 fig membrane protein for membranes containing 

30 the human AT2 receptor in assay buffer (50 mM Tris/HCl pH 7.5 at 20 °C, 5 mM MgCh, 

25 (j.M EDTA, 0.025% BSA). Saturation binding studies for determination of Kj values of 

the ligand were done using N-terminally Europium-labeled angiotensin-II ([EuJAngll, H-

(Eu-N')-Ahx-Asp-Arg-Val-Tyr-ne-His-Pro-Phe-OH; PerkinElmer, Boston, MA) at 8 
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different concentrations ranging from O.i nM to 30 nM. Displacement assays for 

determination of pfCj values of test compounds were done with [Eu]AngII at 2 nM and 11 

different concentrations of drug ranging from I pM to 10 pM. Drugs were dissolved to a 

concentration of 1 mM in DMSO and from there serially diluted into assay buffer. Non-

5 specific binding was determined in the presence of 10 pM unlabeled angiotensin-11. 

Assays were incubated for 120 minutes in the dark, at room temperature or 37 °C, and 

binding reactions were terminated by rapid filtration through the Acroweli filter plates 

followed by three washes with 200 fiL ice cold wash buffer (50 mM Tris/HCl pH 7.5 at 

4 °C, 5 mM MgCh) using a Waters filtration manifold. Plates were tapped dry and 

10 incubated with 50 |0.l DELFIA Enhancement Solution (PerkinElmer cat.# 4001-0010) at 

room temperature for 5 minutes on a shaker. Filter-bound [Eu]AngII was quantitated 

immediately on a Fusion plate reader (PerkinElmer) using Time Resolved Fluorescence 

(TRF). Binding data were analyzed by nonlinear regression analysis with the GraphPad 

Prism Software package (GraphPad Software, Inc., San Diego, CA) using the 3-parameter 

15 model for one-site competition. The BOTTOM (curve minimum) was fixed to the value 

for nonspecific binding, as determined in the presence of 10 pM angiotensin II. K; values 

for drugs were calculated from observed IC50 values and the K<j value of [Eu] Angll 

according to the Cheng-Prusoff equation described in Cheng et al. (1973) Biochem 
Pharmacol. 22(23):3099-108. Selectivities of test compounds for the ATi receptor over 

20 the AT2 receptor were calculated as the ratio of AT2Kj/AT|Kj. Binding affinities of test 

compounds were expressed as negative decadic logarithms of the K; values (pKj). 

In this assay, a higher pK; value indicates that the test compound has a higher 

binding affinity for the receptor tested. Exemplary compounds of the invention that were 

tested in this assay, typically were found to have a pK, at the ATi receptor greater than or 

25 equal to about 5.0. For example, the compound of Example 1 was found to have a pKi 

value greater than about 7.0. 
ASSAY 2 

In vitro Assays for the Quantitation of Inhibitor Potencies (ICsn) 

at Human and Rat NEP. and Human ACE 

30 The inhibitory activities of compounds at human and rat NEP and human ACE 

were determined using in vitro assays as described below. 

Extraction of NEP Activity from Rat Kidneys 

Rat NEP was prepared from the kidneys of adult Sprague Dawley rats. Whole 
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kidneys were washed in cold PBS and brought up in ice-cold lysis buffer (1% Triton X-

114, 150 mM NaCl, 50 mM Tris pH 7.5; Bordier (1981) J. Biol. Chem. 256: 1604-1607) in 

a ratio of 5 mL of buffer for every gram of kidney. Samples were homogenized using a 

polytron hand held tissue grinder on ice. Homogenates were centrifuged at 1000 x g in a 

5 swinging bucket rotor for 5 minutes at 3 °C. The pellet was resuspended in 20 mL of ice 

cold lysis buffer and incubated on ice for 30 minutes. Samples (15-20 mL) were then 

layered onto 25 mL of ice-cold cushion buffer (6% w/v sucrose, 50 mM pH 7.5 Tris, 

150 mM NaCl, 0.06%, Triton X-l 14), heated to 37 °C for 3-5 minutes and centrifuged at 

1000 x g in a swinging bucket rotor at room temperature for 3 minutes. The two upper 

10 layers were aspirated off. leaving a viscous oily precipitate containing the enriched 

membrane fraction. Glycerol was added to a concentration of 50% and samples were stored 

at -20 °C. Protein concentrations were quantitated using a BCA detection system with BSA 

as a standard. 

Enzyme Inhibition Assays 

15 Recombinant human NEP and recombinant human ACE were obtained 

commercially (R&D Systems, Minneapolis, MN, catalog numbers 1182-ZN and 929-ZN, 

respectively). The fluorogenic peptide substrate Mca-BK2 (Mca-Arg-Pro-Pro-Gly-Phe-

Ser-Aia-Phe-Lys(Dnp)-OH; Johnson et al. (2000) Anal. Biochem. 286: 112-118) was used 

for the human NEP and ACE assays, and Mca-RRL (Mca-DArg-Arg-Leu-(Dnp)-OH; 

20 Medeiros et al. (1997) Braz. J. Med. Biol Res. 30:1157-1162) was used for the rat NEP 

assay (both from Anaspec, San Jose, CA). 

The assays were performed in 384-well white opaque plates at room temperature 

using the respective fluorogenic peptides at a concentration of 10 JIM in assay buffer 

(50 mM Tris/HCL at 25 °C, 100 mM NaCl, 0.01% Tween-20, 1 ^M Zn, 0.025% BSA). 

25 Human NEP and human ACE were used at concentrations that resulted in quantitative 

proteolysis of 5 jiM of Mca-BK2 within 20 minutes at room temperature. The rat NEP 

enzyme preparation was used at a concentration that yielded quantitative proteolysis of 

3 }iM of Mca-RRL within 20 minutes at room temperature. 

Assays were started by adding 25 nL of enzyme to 12.5 \xL of test compound at 12 

30 concentrations (10 jiM to 20 pM). Inhibitors were allowed to equilibrate with the enzyme 

for 10 minutes before 12.5 JIL of the fluorogenic substrates were added to initiate the 

reaction. Reactions were terminated by the addition of 10 ^L of 3.6% glacial acetic acid 

after 20 minutes of incubation. Plates were read on a fluorometer with excitation and 
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emission wavelengths set to 320 nm and 405 nm, respectively. 

Raw data (relative fluorescence units) were normalized to % activity from the 

average high readings (no inhibition, 100% enzyme activity) and average low readings 

(full inhibition, highest inhibitor concentration, 0% enzyme activity) using three standard 

5 NEP and ACE inhibitors, respectively. Nonlinear regression of the normalized data was 

performed using a one site competition model (GraphPad Software, Inc., San Diego, CA). 

Data were reported as pICso values. 

Exemplary compounds of the invention that were tested in this assay, typically 

were found to have a pICso for the NEP enzyme greater than or equal to about 5.0. For 

10 example, the compound of Example 1 has a pICso value greater than or equal to about 7.0. 

ASSAY 3 

Pharmacodynamic (TP) assay for ACE, ATi. and NEP Activity in Anesthetized Rats 

Male, Sprague Dawley, normotensive rats are anesthetized with 120 mg/kg (i.p.) of 

inactin. Once anesthetized, the jugular vein, carotid artery (PE 50 tubing) and bladder 

15 (URI-1 urinary silicone catheter) are cannulated and a tracheotomy is performed (Teflon 

Needle, size 14 gauge) to faciliate spontaneous respiration. The animals are then allowed a 

60 minute stabiization period and kept continuously infused with 5mL/kg/h of saline 

(0.9%) throughout, to keep them hydrated and ensure urine production. Body temperature 

is maintained throughout the experiment by use of a heating pad. At the end of the 60 

20 minute stabilization period, the animals are dosed intravenously (i.v.) with two doses of 

angiotensin (AngI, 1.0 jig/kg, for ACE inhibitor activity; Angll, 0.1 ^g/kg, for ATt 

receptor antagonist activity) at 15 minutes apart. At 15 minutes post-second dose of 

angiotensin (AngI or Angll), the animals are treated with vehicle or test compound. Five 

minutes later, the animals are additionally treated with a bolus i.v. injection of atrial 

25 natriuretic peptide (ANP; 30 jig/kg). Urine collection (into pre-weighted eppendorf tubes) 

is started immediately after the ANP treatment and continued for 60 minutes. At 30 and 60 

minutes into urine collection, the animals are re-challenged with angiotensin (AngI or 

Angll). Blood pressure measurements are done using the Notocord system (Kalamazoo, 

MI). Urine samples are frozen at -20 °C until used for the cGMP assay. Urine cGMP 

30 concentrations are determined by Enzyme Immuno Assay using a commercial kit (Assay 

Designs, Ann Arbor, Michigan, Cat. No, 901-013). Urine volume is determined 

gravimetrically. Urinary cGMP output is calculated as the product of urine output and 

urine cGMP concentration. ACE inhibition or ATj antagonism is assessed by quantifying 
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the % inhibition of pressor response to AngI or Angll, respectively. NEP inhibition is 

assessed by quantifying the potentiation of ANP-induced elevation in urinary cGMP 

output. 

ASSAY 4 

5 In Vivo Evaluation of Antihypertensive Effects 

in the Conscious SHR Model of Hypertension 

Spontaneously hypertensive rats (SHR, 14-20 weeks of age) are allowed a 

minimum of 48 hours acclimation upon arrival at the testing site. Seven days prior to 

testing, the animals are either placed on a restricted low-salt diet with food containing 

10 0.1 % of sodium for sodium depleted SHRs (SD-SHR) or are placed on a normal diet for 

sodium repleted SHRs (SR-SHR). Two days prior to testing, the animals are surgically 

implemented with catheters into a carotid artery and the jugular vein (PE50 polyethylene 

tubing) connected via a PE10 polyethylene tubing to a selected silicone tubing (size 

0.020 ID x 0.037 OD x 0.008 wall) for blood pressure measurement and test compound 

15 delivery, respectively. The animals are allowed to recover with appropriate post operative 

care. 

On the day of the experiment, the animals are placed in their cages and the 

catheters are connected via a swivel to a calibrated pressure transducer. After 1 hour of 

acclimation, a baseline measurement is taken over a period of at least five minutes. The 

20 animals are then dosed i.v. with vehicle or test compound in ascending cumulative doses 

every 60 minutes followed by a 0.3 mL saline to clear the catheter after each dose. Data is 

recorded continuously for the duration of the study using Notocord software (Kalamazoo, 

MI) and stored as electronic digital signals. In some studies, the effects of a single 

intravenous or oral (gavage) dose are monitored for at least 6 hours after dosing. 

25 Parameters measured are blood pressure (systolic, diastolic and mean arterial pressure) 

and heart rate. 
ASSAY 5 

In Vivo Evaluation of Antihypertensive Effects 

in the Conscious DQCA-Salt Rat Model of Hypertension 

30 CD rats (male, adult, 200-300 grams, Charles River Laboratory, USA) are allowed 

a minimum of 48 hours acclimation upon arrival at the testing site before they are placed 

on a high salt diet. 

One week after the start of the high salt diet, a DOCA-salt pellet (100 mg, 21 days 
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release time, Innovative Research of America, Sarasota, FL ) is implanted subcutaneous ly 

and unilateral nephrectomy is performed. On 16 or 17 days post DOCA-salt pellet 

implantation, animals are implanted surgically with catheters into a carotid artery and the 

jugular vein with a PE50 polyethylene tubing, which in turn was connected via a PE10 

polyethylene tubing to a selected silicone tubing (size 0.020 ID x 0.037 OD x 0.008 wall) 

for blood pressure measurement and test compound delivery, respectively. The animals 

are allowed to recover with appropriate post operative care. 

On the day of the experiment, each animal is kept in its cage and connected via a 

swivel to a calibrated pressure transducer. After 1 hour of acclimation, a baseline 

measurement is taken over a period of at least five minutes. The animals are then dosed 

i.v. with a vehicle or test compound in escalating cumulative doses every 60 minutes 

followed by 0.3 mL of saline to flush the catheter after each dose, in some studies, the 

effects of a single intravenous or oral (gavage) dose is tested and monitored for at least 

6 hours after dosing. Data LS recorded continuously for the duration of the study using 

Notocord software (Kalamazoo, MI) and stored as electronic digital signals. Parameters 

measured are blood pressure (systolic, diastolic and mean arterial pressure) and heart rate. 

For cumulative and single dosing, the percentage change in mean arterial pressure (MAP, 

mmHg) or heart rate (HR, bpm) is determined as described for Assay 4. 

While the present invention has been described with reference to specific aspects or 

embodiments thereof, it will be understood by those of ordinary skilled in the art that 

various changes can be made or equivalents can be substituted without departing from the 

true spirit and scope of the invention. Additionally, to the extent permitted by applicable 

patent statues and regulations, all publications, patents and patent applications cited herein 

are hereby incorporated by reference in their entirety to the same extent as if each 

document had been individually incorporated by reference herein. 



CLAIMS 

WHAT IS CLAIMED IS: 

1. A compound of formula I: 

Ar (CH2)r 

Y^Q 

R' 0) 
wherein: 

r is 1; 

Ar is selected from: 

and 

10 R1 is selected from -COORla, -NHS02Rlb, -S02NHRld, -S020H, -C(0)NH-

S02R1C, -P(0)(0H)2, -CN, -0-CH(Rle)-C00H, tetrazol-5-yl, 
.0 

N-0 
'/ 

O 

N—<\ 
H O and O 

NH 

RIa is H, -Ci-6alkyl, -Ci_3alkylenearyl, -Ci.3alkyleneheteroaryl, -C3.7cycloalkyl, 

-CH(Ci_4alkyl)0C(0)RIaa, -Co-6alkylenemorpholine, 

15 
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Rlaa is -O-Cj^alkyl, -0-C3-7cycloalkyl, -NRlabRlac, or -CH(NH2)CH2COOCH3; Rlab and 

RIac are independently selected from H, -Chalky!, and benzyl, or are taken together as 

-(CH2)3-6S Rlb is R!C or -NHC(0)Rlc; Rlc is -CMalkyl, -C0-6aikylene-O-Rlca, -C^alkylene-

5 NRlcbRicc, -Co4alkylenearyl or -Co-4alkyleneheteroaryl; Rlca is H, -Ci^alkyl, or -Ci_ 

6alkylene-0-C|.6alkyl; Rlcb and Rlcc are independently selected from H and -CMalkyl, or 

are taken together as -(CH2)2-0-(CH2)2- or -(CH2)2-N[C(0)CH3]-(CH2)2-; R)d is H, Rlc, 

-C(0)Rlc, or -C(0)NHRlc; Rle is -C1.4alkyl or aryi; 

Y is -C(R3)-, Z is -N-, Q is -C(R2)- and W is a bond; Y is -N-, Z is -C(R3)-, Q is 

10 -C(R2)- and W is a bond; or Y is -C(R3)-, Z is -CH-, Q is -N- and W is a bond; 

R2 is selected from H, halo, -N02, -Chalky!, -C2-6alkenyl, -C3.6cycloalkyl, -CN, 

-C(0)R2a, -C0.5alkylene-OR2b, -C0.5alkylene-NR2cR2d, -C0-3alkylenearyl, and -C0-3alkylene-

heteroaryl; where R2a is selected from H, -Chalky!, ~C3.6cycloalkyl, -OR2b and -NR2cR2d; 

R2b is selected from H, -Ci^alkyl, -C3-6cycloalkyl, and -QMalkylenearyl; and R2c and R2d 

15 are independently selected from H, -CMalkyl, and -Co-ialkylenearyl; 

R3 is selected from -Ci-I0alkyl, -C2_i0alkenyl, -C3-ioalkynyl, -C0-3alkylene-

C3.7cycloalkyl, -C2-3alkenylene-C3-7cycloalkyl, -C2-3alkynylene-C3-7cycloalkyl, 

-Co-5alkylene-NR3a-Co-5alkylene~R3b, -Co-5alkylen6-0-Ci>5alkylene-R3b5 -C0~5alkylene-

S-Ci.5alkylene-R3b, and -C0-3alkylenearyl; where R3a is selected from H, -CMalkyl, 

20 -C3.7cycloalkyl, and -Co-3alkylenearyl; and R3b is selected from H, -CMalkyl, 

-C3.7cycloalkyl, -C2-4alkenyl, -C2-4alkynyl, and aryi; 

X is -Ci-i2alkylene-, where at least one -CH2- moiety in the alkylene is replaced 

with a -NR4a-C(0)- or -C(0)-NR4a- moiety, where R4a is selected from H, -OH, and 

-CMalkyl; 

25 R5 is selected from -Co-3alkylene-SR5a, -Co-3alkylene-C(0)NR5bR5c, 

-C0-3alkylene-NR5b-C(O)R5d, -NH-C0-ialkylene-P(O)(OR5e)2, -C0-3alkylene-P(O)OR5eR5f, 

-Co-2alkylene-CHR5g-COOH, -C0.3alkylene-C(O)NR55!-CHR5i-COOH, and -C0-3alkylene-S-

SR5J; R5a is H or -C(0)-R5aa; R5aa is -Ci.6alkyl, -C0-6alkylene-C3.7cycloalkyl, 
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-Co^alkylenearyl, -Co^alkyleneheteroaryl, -Co-6alkylenemorpholine, 

-Co-6alkylenepiperazine-CH3, -CH(NH2)-CH(CH3)2, -2-pyrrolidine, -Co^alkylene-OR5ab, 

-0-Co-6alkylenearyl, -Ci-2alkylene-0C(0)-Ci.6alkyl, -Ci-2alkylene-OC(0)-Co-6alkylenearyl, 

or -0-C1.2alkylene-0C(0)0-Ci.6alkyl; RSab is H or -CMalkyl; R5b is H, -OH, -0C(0)R5ba, 

5 -CH2COOH, -O-benzyl, -pyridyl, or -OC(S)NR5bbR5bc; R5ba is H, -C,.6alkyl, aryi, 

-OCH2-aryl, -CH20-aryl, or -NR5bbR5bc; R5bb and R5bc are independently selected from H 

and -CMalkyl; R5c is H, -C,.6alkyl, or -C(0)-R5ca; R5ca is H, -CMalkyl, -C3.7cycloalkyl, 

aryi, or heteroaryl; R5d is H, -CMalkyl, -Co-3alkylenearyl, -NRsdaR5db, -CH2SH, or 

-0-C).6alkyl; R5daand R5db are independently selected from H and -CMalkyl; R5e is H, 

10 -CMalkyl, -Cj^alkylenearyl, - C1 _3 alky 1 en eh et eroaryl, -C3_7cycloalkyl, -CH(CH3)-0-

C(0)R5ea, 

R5ea is -0-Ci.6alkyl, -0-C3-7cycloalkyl, -NR5ebR5ec, or -CH(NH2)CH2COOCH3; R5eb and 

R5ec are independently selected from H, -CMalkyl, and -C^alkylenearyl, or are taken 

15 together as -(CH?^-; R5f is H, -Chalky!, -Co-3alkylenearyl, - C1.3 alkyl en e-NR5faR5 or 

-Ci-3alkylene(aryl)-Co-3alkylene-NR5raR5fb; R5fa and R5ib are independently selected from H 

and -CMalkyl; R5g is H, -CMalkyl, -C^alkylenearyl, or -CH2-0-(CH2)2-0-CH3; R5h is H 

or -CMalkyl; R5' is H, -CMalkyl, or -Co^alkylenearyl; and R5J is -CMalkyl, aryi, or 

-CH2CH(NH2)COOH; 

20 R6 is selected from -CMalkyl, -CH20(CH2)2-0-CH3, -Ci„6alkylene-0-C]_6alkyl, 

-Co-3alkylenearyl, -Co-3alkyleneheteroaryl, and -Co-3alkylene-C3.7cycloalkyl; and 

R7 is H or is taken together with R6 to fonn -Cs-gcycloalkyl; 

wherein: 

each -CH2- group in -(CH2)r- is optionally substituted with 1 or 2 substituents 

25 independently selected from -CMalkyl and fluoro; 
I ^ c £ 

each ring in Ar and each aryi and heteroaryl in R " and R " is optionally substituted 

with 1 to 3 substituents independently selected from -OH, -Ci^aJkyl, -C2-4alkenyl, 

-C2-4alkynyl, -CN, halo, -O-C^alkyl, -S-Ci_6alkyl, -S(0)-Ci.6alkyl, -S(0)2-Ci_4alkyl, 

-phenyl, -NO2, -NH2, -NH-Ci-6alkyI and -N(C],6alkyl)2, wherein each alkyl, alkenyl and 

30 alkynyl is optionally substituted with 1 to 5 fluoro atoms; 
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each carbon atom in X is optionally substituted with one or more R4b groups and one 

-CH2- moiety in X may be replaced with a group selected from -C4_gcycloalkylene-, 

-CR4d=CH-, and -CH=CR4d-; wherein R4b is selected from -Co-5alkylene-COOR4c, -Cj^alkyl, 

~Co-ialkylene-CONH2, -Ci_2alkylene-OH, -Co-3alkylene~C3.7cycloalkyl, lH-indol-3-yl, benzyl, 
5 and hydroxybenzyi, where R4c is H or -Cj^alkyl; and R4d is selected from -CH2-2-thiophene 

and phenyl; 

each alkyl and each aiyl in R1"3, R4a"4d, and R5"6 is optionally substituted with 1 to 7 
fluoro atoms; 

wherein each aryi in R!, R2, R3, R5, and R6 contains 6 to 10 carbon ring atoms; and 

10 each heteroaryl in R!, R2, R5, and R6 contains 2 to 9 carbon ring atoms and 1 to 3 heteroatoms 

selected from nitrogen, oxygen, and sulfur; 

and phannaceutically acceptable salts thereof. 

2. The compound of Claim 1, wherein Ar is selected from: 

R and 
15 3. The compound of Claim 1, wherein R1 is selected from -COOH, -NHS02Rlb, 

-S02NHRld, -S020H, -C(0)NH-S02R1C, -P(0)(0H)2, -CN, -0-CH(Rle)-C00H, tetrazol-5-yl, 

N-0 
'/ •b 

0~4 
o 

N—K H o and o 
NH 

4. The compound of Claim 3, wherein R1 is selected from -COOH, -S02NHRld, and 
tetrazol-5-yl. 

20 5. The compound of Claim 1, wherein R1 is -COORla, where Rla is selected from 

-Ci.6alkyl, -Ci^alkylenearyi, -Ci.salkyleneheteroaryl, -C3.7cycloalkyl, 

-CH(C1.4alkyl)OC(O)Rlaa,-C0.6alkylenemorpholme, 

CH3 

V o 

6. The compound of Claim 1, wherein Y represents -C(R3)-, Z is -N-, Q is -C(R2)- and 

25 
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W is a bond. 
<5 0 

7. The compound of Claim 1, wherein Y represents -N-, Z is -C(R")-„ Q is -C(R )- and 

W is a bond. 

8. The compound of Claim 1, wherein Y represents -C(R3)-, Z is -CH-, Q is -N- and 

5 W is a bond. 

9. The compound of Claim 1, wherein R is selected from H, halo, -CMalkyl, 

-C3-6cycloalkyi, and -Co-salkylene-OR . 

10. The compound of Claim 1, wherein R3 is selected from -Ci-ioalkyl and 

-Co^alkylene-0-Co-5alkylene-R3b, where R3b is -Ci-ealkyl. 

10 11. The compound of Claim 10, wherein R is selected from -C2-5alkyl and 

-0-Ci-5alkyl. 

12. The compound of Claim 1, wherein X is -Cj-nalkylene-, 1 to 4 -CH2- moieties in 

the alkylene are replaced with a -NR4a-C(0)- or -C(0)-NR4a- moiety, and R4a is selected 

from H and -OH. 

15 13. The compound of Claim 12 wherein X is selected from: -C(0)NH-; -CH2-

NHC(O)-; -CtO)NH-CH2-; -C(0)NH-NHC(0)-; -CH=C(-CH2-2-tbiophene)-C(0)NH-; 

-(CH2)2-NHC(0)-; -CtO)NH-CH2-CH(COOH)-CH2-; -C(0)NH-CH(benzyl)-CH2-

NHC(0)s-C(0)NH-CH(benzyl)-CH2-C(0)NH-; -CH2~NHC(0)-CH2-NHC(0)-; 

-CH2-NHC(0)-cyclohexylene-NHC(0)-; -CH2-N(OH)C(0)-cyclohexylene-NHC(0)-; 

20 -CH2-NHC(0)-CH2-CH(C00H)-NHC(0)-; -CH2-NHC(0)-(CH2)2-NHC(0)-; -C(0)NH-

(CH2)2-C(0)N(0H)-CH2-; -C(0)NH-(CH2)2-CH(C00H)-NHC(0)-; 

-C(0)NH-(CH2)4-NHC(0)~; -CH2-NHC(0)-(CH2)2-CH(C00H)-NHC(0)-; -C(0)NH-

(CH2)3-CH(C00H)-NHC(0)-; -C(0)NH-(CH2)2-NHC(0)-CH2-NHC(0)-; 

-C(0)NH-(CH2)2-NHC(0)-cyclohexylene-NHC(0)-; -CH2-NHC(0)-(CH2)4-NHC(0)-; 

25 -C(0)NH-(CH2)4-CH(C00H)-NHC(0)-; -CH2-NHC(0)-(CH2)2-NHC(0)-cyclohexylene-

NHC(O)-; -CH2-C(0)NH-(CH2)2-NHC(0)-cyclohexylene-NHC(0)-; 

-C(0)NH-(CH2)4~NHC(0)-CH2-NHCf0)-; -C(0)NH-(CH2)4-NHC(0)-cyclohexylene-

NHC(O)-;-CH2-NHC(0)-(CH2)6-NHC(0)-;-CH2-NHC(0)-(CH2)4-NHC(0)-

cyclohexylene-NHC(O)-; -C(0)NH-(CH2)6-NHC(0)-cyclohexylene-NHC(0)-; and 
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-CH2-NHCt0)-(CH2)6-NHC(0)-cycl0hexylene-NHC(0)-. 

14. The compound of Claim 13, wherein X is selected from -C(0)NH- and -CH2-

NHC(O)-. 

15. The compound of Claim 1, wherein R5 is selected from -Co-3alkylene-SR5a, 

-C0jalkylene-C(O)NR5bR5c,-C0-3alkylene-NR5b-C(O)R5d, -NH-C0^alkylene-P(O)(OR5e)2, 

-C0.3alkylene-P(O)OR5eR5f, -C0-2alkylene-CHR5g-COOH, and -C0.3alkylene-C(O)NR5h-

CHRsi-COOH; R5a is H, R5b is -OH, RSc is H, R5d is H, R5" is H. 

The compound of Claim 1, wherein R5 is selected from -Co-3alkylcne-SR5", 

-C0-3alkylene-C(O)NR5bR5c,-C0-3alkylene-NR5b-C(O)R:K1,-NH-C0-ialkylene-P(O)(OR:";)2, 

-C0-3alkylene-P(O)OR5eR5f, and -Co.3alkylene-S-SR5j; where R5a is -C(0)-R5aa; R5b is H, 

-0C(0)R5ba, -CH2COOH, -O-benzyl, -pyridyl, or -OC(S)NR5bbR5bc; R5e is -CMalkyl, 

-Ci.3alkylenearyl, -Ci-3alkyleneheteroaryl, -C^cycloalkyl, -CH(CH3)-0-C(0)R5ca, 

,5d 15e\ 

10 

,or 

17. The compound of Claim 15, wherein R5 is selected from -COOH, -NHS02Rlb, 

15 -S02NHRld, -S020H, -C(0)NH-S02Rlc, -P(0)(0H)2, -CN, -0-CH(Rie)-C00H, tetrazol-lc lex 

5-yl, 

N-0 
'/ 

O 
o 

N 
N-H\ 
H 0 and 0 

NH 

18. The compound of Claim 16, wherein R' is -COORu, where Rld is -CMalkyl, 

-Ci-3alkylenearyl, -Ci_3alkyleneheteroaryl, -C3^cycloalkyl, -CH(Ci_4alkyl)0C(0)Rlaa, 

20 -Co-6alkylenemorpholine, 

la 

, or 

19. The compound of Claim 15, wherein R1 is -COORla, and Rla is -CMalkyl, 

-Ci-3alkylenearyl, -Ci.3alkyleneheteroaryl, -C3_7cycloalkyl, -CH(Ci^alkyl)0C(0)R 

-Co-6alkylenemorpholine, 

laa 

25 
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, or 

20. The compound of Claim 16, wherein R! is selected from -COOH, -NHS02Rlb, 

-S02NHRld, -S020H, -C(0)NH-S02R1C, -P(0)(0H)2, -CN, -0-CH(R1&)-C00H, tetrazol-

5-yl, 

N-0 
'/ 

o-4 
o 

N 
N—•k 
H O and O 

NH 

21. The compound of Claim 1, wherein R6 is selected from -Chalky!, 

-Co-3alkylenearyl, -Co-3alkyleneheteroaryl, and -Co-3alkylene-C3-7cycloalkyl. 
"7 /v 22. The compound of Claim 1, wherein R is H or is taken together with R to form 

cyclopentyl. 

10 23. The compound of Claim 6, having formula Ila: 

R\ >k J* 

,N- R 
Ar-

CIIa). 

24. The compound of Claim 23, wherein Ar is selected from: 

R1 is selected from -COOR53, -NHS02R'D, -S02NHR1G, -S020H, -O-lb Id 

15 CH(Rle)-COOH, and tetrazol-5-yl; where R'a is H, -Chalky!, -Ci^alkylenearyl, la 

-Ci^alkyleneheteroaryl, ~C3.7cycloalkyl, -CH(Ci-4alkyl)0C(0)R!aa, or 

:laa is -O-Ci^alkyl or -0~C3_7cycloalkyl; Rlb is R5c; Rlc is -CMalkyl or -Co-4alkylenearyl; 

:ld is H, -C(0)Rlc, or -C(0)NHRlc; Rie is -CMalkyl; 

20 

208 



R2 is seiected from H, halo, -Ci_6alkyl, -Ca^cycloalkyl, and -C0-5alkylene-OR2b; 

where R2b is selected from H and -C]-6alkyl; 

R3 is selected from -Ci„i0alkyl and -Co-5alkylene-0-Co.5alkylene~Ci.6alkyl; 

X is -Cj-ualkylene-, where 1 to 4 -CH2- moieties in the alkylene are replaced with a 

5 -NR4a-C(0)- or -C(0)-NR4a- moiety, where R4a is selected from H and -OH; 

R5 is selected from -Co~3alkylene-SR5a, -Co-3alkylene-C(0)NR5bR5c, 

-NH-C0-ialkylene-P(O)(OR5e)2, -C0-2alkylene-CHR5g-COOH and -C0-3alkylene-C(O)NR5h-

CHR5l-COOH; R5a is H or -C(0)-R5aa; RSaa is -Q-ealkyl, -Co-6alkylene-C3_7cycloalkyl, 

-C0-6alkylenearyl, or ~Co-6alkylenemorpholine; R5b is H, -OH, -0C(0)R5ba, ~CH2COOH, or 

10 -OC(S)NR5bbR5bc; R5ba is -OCH2-aiyl or -CH20-aryl; R5bb and R5bc are independently 

-CMalkyl; R5c is H; R5e is H; R5g is -CH2-0-(CH2)2-0-CH3; R5h is H; and R5i is 

-Co -3 alkyl enearyl; 

R6 is selected from -Ci^alkyl, -Co-3alkyl enearyl, -Co^alkyleneheteroaryl, and 

-Co-3alkylene-C3-7cycloalkyl; and 
7 6 15 R is H or is taken together with R to form cyclopentyl. 

25. The compound of Claim 24, wherein R1 is selected from -COOH, 

~C0(0)(Ci_6alkyl), -NHS02(C,-6alkyl), and -S02NH[-C(0)(Ci„6alkyl)]; R2 is selected from 

H, halo, -Cj.6alkyl, -C3_6cycloalkyl, and -Co-salkylene-OH; R3 is 

-Co-salkylene-O-Co-salkyleae-Cj-ealkyI; X is -CM 1 alkylene-, where 1 to 4 -CH2- moieties in 

20 the alkylene are replaced with -NHC(O)- or -C(0)NH-; R5 is -Co-3alkylene-SR5a or 

-C0-3alkylene-C(O)NH(OH); R5a is H or -C(0)-R5aa; R5aa is -CMalkyl, -C0-6alkylenearyl, or 

-C0-6alkylenemorpholine; R6 is selected from -Chalky!, -C0-3alkylenearyl, and 

-Co-3alkylene-C3_7cycloalkyl; and R7 is H. 

26. The compound of Claim 25, wherein one ring in Ar is substituted with 1 or 2 fluoro 

25 atoms. 
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27. The compound of Claim 7, wherein Ar is: 

R1 is -COORla, where Rla is H or -CMalkyl; R2 is H; R3 is -CMOalkyl; X is -CH2-

NHC(O)-; R5 is selected from -Co-3alkylene-SR5a and -Co-3alkylene-C(0)N(C>H)H; R5a is H 
ft 1 5 or -C(0)Ci-6alkyl; R is selected from -Chalky! and -Co-3alkylenearyl; and R is H. 

28. The compound of Claim 7, having formula Va: 

29. The compound of Claim 28, wherein Ar is: 

10 R1 is -COORja, where Rla is H or -Ci_6alkyl; R2 is H; R3 is -CMOalkyl; X is -C(0)NH-; R5 
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is selected from -Co-3alkylene-SR5a and -Co-3alkylene-C(C))N(OH)H; R5a is H or 

-C(0)Cj.6alkyl; R6 is -Co^alkylenearyl; and R7is H. 

30. A pharmaceutical composition comprising the compound of Claim 1 and a 

pharmaceutically acceptable carrier. 

5 31. The pharmaceutical composition of Claim 30 further comprising a second 

therapeutic agent selected from the group consisting of diuretics, Pi adrenergic receptor 

blockers, calcium channel blockers, angiotensin-converting enzyme inhibitors, ATi 

receptor antagonists, neprilysin inhibitors, non-steroidal anti-inflammatory agents, 

prostaglandins, anti-Iipid agents, anti-diabetic agents, anti-thrombotic agents, renin 

10 inhibitors, endothelin receptor antagonists, endothelin converting enzyme inhibitors, 

aldosterone antagonists, angiotensin-converting enzyme/neprilysin inhibitors, vasopressin 

receptor antagonists, and combinations thereof. 

32. A process for preparing the compound of Claim 1, comprising: 

(a) coupling a compound of formula 1 with a compound of formula 2: 

•z. R6' e 

15 

Y "Q l/R 
N. Jl / + B\ / ̂ R 

(CH2)/ W (CH2)S (CH2)6 

Ar* <1> (2) 

to produce a compound having the formula: 

W X f—R6 
R' 

Y^Q 
N. " R 

(CH2/ 

Ar* 

where: A is -NH2 and B is -COOH or A is -COOH and B is -NH2; the sum of a and b is in 

the range of 0 to 11; r is 1; Ar* represents Ar-R1*, where R1 * is R1 or a protected form of 

20 R1; and R5* represents R5 or a protected form of R3; the carbon atoms in the -(CH2)a and -

(CH2)b groups may be substituted with one or more R4b groups; and one -CH2- group in the 

-(CH2)a or the -(CH2)b group may be replaced with -C^gcycloalkylene-, -CR4d=CH-3 or 

-CH=CR4d-; and 

(b) when R1* is a protected form of R1 and/or R5* is a protected form of R5, 

25 deprotecting the product of step (a) to produce a compound of formula I. 

33. A compound prepared by the process of Claim 32. 

34. An intermediate useful in the synthesis of the compound of Claim 1, selected from 
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the group comprising: 

r^p , Y^Q , D5-
AA-& /N-W^X-/R. Ar* (CH2)r Ar (CH2)r |7R Ar*—(CH2)r 17 R 

K , R , and K 

wherein: r is 1; Ar* is Ar-R1*; R1* is selected from -C(0)(>P2, -S020-P5, -S02NH-P6, 

-P(0)(0-P7)2, -0CH(CH3)-C(0)0-P2, -0CH(aryl)-C(0)0-P2, and tetrazol-5-yl-P4; R5* is 

5 selected from -Co-salkylene-S-P3, -Co-3alkylene-C(0)NH(0-P5), -Co^alkylene-NtO-P5)-

C(0)R5d, -C0„ialkylene-NHC(O)CH2S-P3, -NH-C0-ialkylene-P(O)(O-P7)2, -C0-3alkylene-

P(0)(0-P7)-R5e, -C0.2alkylene-CHR5f-C(O)O-P2 and -C0~3alkylene-C(G)NR5g-CHR5h~ 

C(0)0-P2; P2 is a carboxy-protecting group selected from methyl, ethyl, f-butyl, benzyl, p~ 
methoxybenzyl, 9-fluorenylmethyl, trimethylsilyl, /-butyidimethylsilyl, and diphenylmethyl; P3 

10 is a-C(0)CH3; P4 is a tetrazole-protecting group selected from trityl and diphenylmethyl; P3 is a 

hydroxyl-protecting group selected from CMalkyl, trimethylsilyl, triethylsilyl, terl-
butyldimethylsilyl, formyl, acetyl, pivaloyl, benzoyl, benzyl, /^-methoxybenzyl, 9-

fluorenylmethyl, and diphenylmethyl; P6 is a sulfonamide-protecting group selected from t~ 
butyl, formyl, acetyl, phenylacetyl, butyryl, isobutyryl, valeryl, isovaleryl, pivaloyl, benzoyl, 

15 and 4-acetoxybenzoyl; and P7 is a phosphate-protecting group selected from C]-4alkyl, phenyl, 

chlorophenyl, and methylphenyl; and salts thereof. 

35. The compound of Claim 1 for use as a medicament. 

36. Use of a compound of Claim 1 in the manufacture of a medicament for the treatment of 

hypertension or heart failure. 
20 37. Use of a compound of Claim 1 in the manufacture of a medicament for antagonizing an 

angiotensin II type 1 receptor in a mammal. 

38. Use of a compound of Claim 1 in the manufacture of a medicament for inhibiting a 

neprilysin enzyme in a mammal. 

3 9. The compound of Claim 1, wherein the compound is 

• la — IT. T>5a_ H; R3a= H. 
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40. The compound of Claim 1, wherein the compound is 

wherein Rla=H: R5a=H. 

41. The compound of Claim 1, wherein the compound is 
,5 

5 wherein R is 2'-F; R1 is -COOH; R2 is -CH2CH3; R3 is -0-(CH2)2CH3; R5 is -SH; R6 is 

CH2-CH(CH3)2. 

42. The compound of Claim 1, wherein the compound is 

wherein R is 3'~F; R is 

CH2-CH(CH3)2. 

-COOH; R2 is cyclo-propyl; R3 is L5 is -SH; R6 is 

213 



DUAL-ACTING ANTIHYPERTENSIVE AGENTS 

Abstract 

5 The invention is directed to compounds having the formula: (I) wherein: Ar, r, 

Y, Z, Q, W, X, and R5-7 are as defined in the specification, and 

pharmaceutically acceptable salts thereof. These compounds have AT] receptor 

antagonist activity and neprilysin inhibition activity. The invention is also 

directed to pharmaceutical compositions comprising such compounds; methods 

10 of using such compounds; and process and intermediates for preparing such 

compounds. 

(No suitable figure) 

214 


